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THE  EFFP]CTS  OF  DUST  INHALATION. 


H.v    .1.    S.    11\i.I)\m:,    M.I). 

Tlie  clisasnous  eft'ect.s  piocluL-fcl  by 
iiihalitig  t-ertain  kinds  of  dust  are  now  only 
too  well  known  in  nnnijit:  coiiimunities.  It 
is  tMjually  well  known  that  no  evident  ill- 
♦  •ffei'ts  result  from  inhaliiifj  certain  other 
kinds.  Thus  eo.il-mining  in  Great  liritaiu 
is  on  the  whole  a  very  dusty  occupation; 
hut  as  I  endeavoured  to  show  in  a  paper 
read  two  years  ago,*  there  is  no  evidence 
in  the  mortality  returns  for  either  young 
or  old  colliers  that  dust  iidialat'cn  has 
hitherto  caused  ap])reciable  danger  to  life 
in  British  coal-mining.  The  wide.-pread 
introduction  of  stone-dusting  as  a  Inorougli- 
ly  practical  and  ett'ectivc  means  of 
jireventing  coal-dust  explosions  has,  how- 
ever, directed  new  attention  to  the 
pr-ssihility  ol  injurious  etfecto  of  dust 
inlialation  in  coal  mines. 

The  ill-eft'ects  from  dust  inhalition  in 
mining  have  only  been  observed  where  hard 
roek  is  mined,  and,  practically  speaking, 
only  where  the  rock  is  iu  quartz,  or  stone 
such  as  granite,  containing  quartz.  Obser- 
vation not  merely  on  mines,  but  also  on 
<l'i  nrymen,  stoneworkers,  grinders,  potters, 
and  other  persons  exposed  to  dust  from 
various  torm.s  of  quartz  or  crystalline  silie  i 
fill  tell  the  same  story  of  dangerous  injury 
to  the  lunes  and  death  from  phthisis  after 
prolonged  inhalation  of  quartz  dust.  The 
natural  inference  from  these  observations 
would  seem  to  be  that  dust  inhalation  is 
dvmgerous  in  proport'on  to  the  amount  of 
quartz  or  silica  inhaled,  and  this  was  my 
own  belief  a   few  years  ago.     My  opinions 

•Trans.  Iiuit.  of  Mining  Engiiieerx,  LI.,  y.  469,  1916. 


F.K.S.    (Hon.    .Member). 

on  the  subject  were,  however,  much  siiakeri 
by  observations  made  in  the  course  of  the 
W(»rk  of  the  late  Ko'yal  ('ommis.-;ion  on 
Metalliiorous  Mines  and  Quarries.  W.- 
visited  many  quarries  where  iiard  stone 
containing  about  70;/  of  silica  was  beini: 
worked  and  dusty  crushers  were  in  use,  so 
that  men  were  considerably  exposed  t<i 
siliceous  dust.  I  thought  this  dust  must 
certainly  be  dangerous;  but  careful  enquiry 
among  workers,  ordinary  doctors,  and 
medical  olHcers  of  health  failed  to  furnis'i 
evidence  of  injury.  As  an  exami)le  of  th' 
sort  of  evidence  we  obtained  there  occui 
to  my  mind  the  statement  of  a  hale-lookin_ 
old  rnan  who  had  been  working  about  thirt\ 
years  at  dusty  crushing  mills.  He  s-od 
that  the  dust  was  not  good  to  breatl- 
it  had  a  very  fattening  effect  I 

In  1011,  while  on  a  scientific  expedition 
in  the  Eocky  Momitains,  I  visited  the  gold 
mines  of  the  Cripple  Creek  district  Th 
stone  worked  is  hard  and  contains  al)out 
70  to  807  of  silica.  Rock-drills  were  work- 
ing everywhere  without  water-jets  to  stoi' 
the  dust;  and  the  men  were  evidently  in 
haling  much  dust:  on  careful  enquiry, 
however,  I  found  that  miners'  phthisis  or 
other  lung  nijury  from  dust  was  unknown 
in  the  district,  "although  it  does  occur  at 
some  otiier  groups  of  mines  in  the  Rock\ 
Mountains. 

When  stone-dustinu  with  shale-dust  was 
first  introduced  by  Sir  William  Garforth  it 
was  generally  believed  that  the  shale  con- 
tains practically  no  crystalline  silica,  but 
onlv    silicates.      In    writing    to    Sir    William 
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Garfortb  the  letter  on  sliale-tlust  inhalation. 
published  at  pa?e  110  of  the  Report  on 
British  Coal  Dust  Experiments.*  I  ac-cepted 
this  erroneous  <  pinion,  and  was  much  sur- 
prised, and  :*t  rii-st  even  somewhat  sceptical, 
when,  in  I  lie  Fifth  Report  of  the  Home 
Otiice  Conmiittee  on  Explosions  in  Coal 
Mines,  page  34,  Dr.  :Mellor,  the  first 
authority  in  this  country  on  the  chemistry 
of  silicates,  stated  in  1913  that  he  had  found 
35-  of  <iuartz  in  the  Altofts  shale.  A  fur- 
ther investigation  was  kindly  made  at  my 
supcestion  by  Professor  Sollas,  F.R.8., 
another  great  authority  on  the  composition 
of  rock.  He  used  a  quite  different  method 
from  that  of  Dr.  Mellor.  but  authorises  me 
to  say  that  he  obtained  just  about  the  same 
(juantitative  result.  We  may,  therefore, 
accept  it  as  a  f:ict  that  l^v.  ?iIellor's  analyses 
were  practically  correct,  and  that  even  the 
softest  shale  contains  about  a  third  of  its 
weight  of  crystalline  silica  in  fine  particles. 
In  spite  of  this  somewhat  disturbing  fact, 
it  seems  to  me  that  the  statistical  evidence 
shows  clearly  that  inhalation  of  shale-dust 
i.s  harmless  in  practice.  A  few  years  ago 
it  was  tacitly  assumed  that  the  black  dust 
lying  along  the  roads  and  working  faces  of 
coal-mines  is,  practically  speaking,  pure 
coal-dust.  The  Altofts  and  Eskmeals  ex- 
periments were  an  eye-opener  in  this 
respect.  They  showed  that  pure  coal-dust 
is  so  easily  exploded,  and  with  such  fear- 
fully destructive  effects,  that  it  seemed 
•  litficult  to  see  how  destructive  coal-dust 
plosions  are  not  far  more  frequent  than 
ey  are.  ^lany  of  the  mine  officials  and 
hers  who  "  found  salvation  "  on  the  coal- 
Must  question  when  they  saw  the  experi- 
ments at  Altofts  must,  I  think,  have 
returned  to  the  fire-works  at  their  own 
mines  witii  a  puzzletl  feeling  that  science 
and  practice  could  net  be  quite  the  same 
thing. 

The  further  experiments  at  Altofts  showed 
learly  that  the  more  stcne-dvist  was  added 
to  pure  coal-dust  the  less  easily  was  the 
dust-  ignited,  and  the  less  violent  were  the 
explosions,  till  with  40%  of  stone-dust  it 
was  very  difficult  to  start  an  explosion,  with 
even  a  heavy  blown-out  guji])owder  shot ; 
and  the  very  careful  further  series  at  Esk- 
meals assigned  jO;'  of  stone-<lust  as  a  limit 
at  which  neither  the  heaviest  blown-out 
-hots  nor  gas  explosions  would  start  an 
xplosion,    even    when,    besides   the    dust, 

•  Be^oH  of  British  Ooal  I)ii>t  Experiments  by  the  Committee 
of  the  Miain^'  Association  of  Great  Britain',  1910,  p.  It9. 


tliere  was  as  much  as  o  .  of  firedamp  in  tlie 
air. 

The  apparent  want  of  agreement  between 
the  Altofts  demonstrations  and  ordinary 
practical  underground  experience  is  cleared 
up  by  the  fact  that  the  black  dust  actually 
present  on  the  roads  and  at  the  face  is 
hardly  ever  ])ure  coal-dust,  but  usually  a 
mixture  containing  a  high  percentage  of 
stone-dust — often  sufficient  to  make  dust 
explosions  impossible.  This- was  clearly 
brought  out  in  tlie  investigations  wliich  were 
immediately  made  on  the  establishment  of 
the  Doncaster  Coal  Owners'  Laboratory. 
Greatly  to  the  relief  of  the  management,  it 
was  foimd  that  along  tlie  roads  and  faces 
of  their  pits  tlie  black  dust  contained  a 
liigh  percentage  of  stone-dust.  .\t  Beiitley 
Colliery,  for  instance,  tliere  was  about  50%, 
of  stone-dust  in  the  small  quantity  of  fine 
dust  along  the  faces;  and  except  near  the 
pit  bottom  the  percentage  along  the  roads 
was  about  as  high,  or  higher.  The  stone- 
dusting  which  was  applied  in  order  to  give 
a  large  margin  of  safety  was  thus  a  com- 
paratively easy  matter,  as  shown  in  the 
paper  read  by  'Sir.  Clive.*  The  late  Mr. 
Fryar  then  arranged  for  the  systematic  col- 
lection of  samples  from  a  number  of  pits 
in  the  Nottingham  district,  and  the  analyses 
at  the  Laboratory  of  170  samples  from  eight 
different  seams  gave  the  following  average 
results  for  the  dust  passing  a  00  mesh  sieve. 

Perce)ifa(/e  of  Ash 


Places  at  which  samp'es  were  taken. 
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The  Nottingham  district  has  been  practi- 
cally free  from  dust  explosions,  so  it  must 
not  be  assumed  that  so  much  stone-dust 
would  be  present  in  other  mines.  The  per- 
centage is  certainly  often  a  good  deal  lower. 
Rut  it  is  at  least  evident  that  for  genera- 
tions all  coal-miners  must  have  inhaled  a 
great  deal  of  stone-dust,  and,  therefore,  a 
great  deal  of  crystalline  silica.  The  stone 
adjacent  to  Nottingham  coal-seams  is  often 
full  of  crystalline  silica,  and  almost  more  of 
a  sandstone  than  a  sliale.  A  sample 
examined  by  i\Ir.  Graham  at  the  Donca.^ter 
LaboratoiT  sliowed  over  70%  of  silica.  Now 
in  the  Nottingham  and  Derbj^  district  tlie 
death-rate  among  minei's  from  lung  diseases 

♦  Tram.  Imt.  Mining  Enijineerx,  XL\1I.,  p.  59,  1914, 
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is,  at  all  ai,'i's  up  t.)  '».'),  not  only,  uk  with 
all  coal-iiiiiicrs  in  ]'!ii5,'laii(l,  far  Ix-iow  llic 
avi'iai,'!'  lor  otlii-r  t'liiployinciits,  Imi  cvi-n 
sHljIiIIv  lowi'r  than  for  ftiriii  iahoincrs.  Tlif 
(li-atli-rate  for  |)lithisis  alone  is  als<j  slifijlitl.v 
loui-r  tium  for  farm  luhninvrs.  Anioni.^ 
iiK'tallifrroiis  niint-rs.  livnit;  in  (\jinuali, 
many  oi  wlrnn  luid  worked  in  tlu-  'rrit:s\;ial, 
till'  corrospondin}:^  dcatli-rate  from  limj,' 
disease  was,  at  mi<ldle  age  ahont  fiftreii 
times  as  great  as  among  the  Nottingham 
miners,  and  more  than  thirty  times  as  great 
as  tlieir  aeeident  (h'ath-rate.  It  seems  t<i 
n\c  prohtihle  tiiat  the  Nottingham  eoal- 
ininerK  inhale  about  as  much  eryst  dline 
siliea  as  metallifi'rous  miners;  but  there  are 
tio  ill-elTects  at  all. 

lu  gold  miuini,'  in  tptartz  reefs  there  seem 
also  to  be  striking  differences  at  different 
plaees  as  regards  the  danger  of  the  work. 
.\t  the  Mysore  mines,  ff:r  instani'e,  wheie 
the  gold  is  in  (|uartz,  I  am  informed  that 
there  is  but  Kttle  trouble  from  lung  affec- 
iions  attributable  to  dust;  and  in  Western 
Australia  there  appears  also  to  be  oidy  a 
i7ioderate  amount  of  tiouble.  In  the  Trans- 
vaal, on  the  other  hand,  the  trouble  has 
neen  of  a  inest  formidable  kind,  necessitating 
extremely   drastic   preventive   measures. 

The  ill-efTects  of  quartz-dusc  have  been 
attributed  to  the  sharpness  of  the  particles, 
and  their  consequent  irritant  action  on  the 
hmgs.  But  if  so,  one  would  expect  the 
(juartz-dust  to  prove  irritnnt  in  proportion 
to  the  amount  iidialed.  One  would  also 
expect  to  find  the  sharp  spictdes  in  the 
lungs,  whereas  wjiat  is  actually  found  con- 
sists of  extremely  fine  particles,  which  do 
not  look  specially  sharp  or  different  in 
appearance  from  other  verv'  tine  particles. 

The  whole  matter  was  so  mysterious  that 
it  seemed  very  desirable  to  try  to  clear  it 
up  by  experiments  on  animals,  and  the 
^ledical  Eesearch  Committee  under  the 
National  Insurance  Act  asked  me  to  arrange 
for  the  investigation,  and  provided  the  neces- 
sar}'  funds.  The  work  was  carried  on  in 
my  laboratory  at  Oxford  by  Mr.  A.  Mavro- 
gordato,  and  short  references  to  results 
reu'hed  up  to  date  were  made  in  the  report 
which  I  presented  to  the  Expb^ions  in 
Mines  Committee  in  1915.* '  Unfortunately 
the  war  has  put  an  end  to  the  work  for  the 
present.  Before  leaving  it  in  order  to  take 
up  other  medical  work  connected  with  the 
war,  Air.  ]\Iavrogordato  had,  however,  so 
far  completed  essential  parts  of  the  inves- 

■*  Seventh   Report  of  the   Explosions  in   Mines  Committee. 
Parliamentary  Paper,  Cd.  S   122,  1015. 


tigation  that  he  \\,>  .  ..;,.  ui  prepare  u  rc|,.,ii 
to  the  Medical  Research  f!omniittee,  and 
this  report  is  in  |)roees8  of  publication  in 
(he  "  Journal  of  llygi<'ne  " 

The  experiments  were,  like  <  1 

by  l'rofess<ir  Beattie  to  the  i. 
.Mines  Conunittee,!  made  on  guincu-oi^-^ ; 
a!i<l  I  may  say  in  passing  ihut  they  con- 
Hrmed  in  all  respects  J'rofeHSor  Beattie's 
coiU'lusiMn  that  the  inhulition  of  shalewhist 
in  amounls  such  us  a  mirutr  would  probably 
be  exposed  to  is  practically  harmless. 

From  Beattie's  experiments  and  the  pre- 
vious ones  of  Arnold!  and  otiiers,  it  appears 
that   any     kind    of    dust-particles     (except, 
perliaps,  when  they  are  soluble  and  clieitn- 
cally     harmless)    will     cause     intlammutoiv 
changes  in  the  lungs  if  enough  of  the  par- 
ticles   are     inhaled.        The    nose    and    air- 
passages    are,    of    cour.se,    a    great    defence 
against     dust,     and     in     seme    animals    the 
convoluted    surfaces    inside    the    n::-e    con- 
stitute a  particularly  etlicieiit  defence.     The 
particles  which   fall  against  the  surfaces  of 
the  nose  and  air-passages  are  swept  out  by 
I   the  action  of  the  cilia  lining  these  passages, 
or   by   coughing,   etc.     Nevertheless  a   con- 
siderable   portion    of    the    very    finest    <lust 
reaches   the  lungs,   and   will   cause  harm    if 
I    it    is    in    sufficient    amount.     This   harm,    if. 
caused     immediately,     seems    to    be    much 
about  tlie  same  with  all  sorts  of  dust.     But 
if  the  harm  is  not  caused  immediately  there 
I    is  a  great  dilTerence  in  the  effects.     Certain 
I    dusts,    and    notably    any    unmixed    form   of 
j   crystalline  silica,  cause  lasting  and  cumula- 
I    live    injury;    whereas   others,    and    notably 
coal-dust   or  shale-dust,    cause   no  cumula- 
!   five  injury,  and  no  injury  at  all  unless  they 
!   are  present  in  enormous  amounts. 
i        Now   what    happens   to   the   dust    within 
the  lungs  in  these  two  cases?     On  this  point 
the    experiments    gave     a     perfectly     clear 
answer.     Wlien   the   animals   were   exposed 
to  as  nearly  as  possible  equal  quantities  of 
the    fine    diists,    and    for   equal    times,    the 
dusts   were,    at   the    end   of   the    period   of 
exposure,   found   to  be   abundantly  present 
in    the    lungs.     With    coal-dust    tliere    was 
special  abundance,  which  is  what  we  should 
expect    considering    its   lightness   and   fine- 
ness.    The  lungs  became  quite  black.     But 
if  the  examination  was  made   some   weeks 
later,   it   was  found  that  the  coal-dust  and 
shale-dust  lungs  were  clearing  up,  whereas 

♦  First    Report    of    the    Explosions    in    Mines    Committee. 
1  Parliamentary  Paper.  C"d.  ew,  1912. 
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there  was  no  evident  diminution  in  the 
dust  in  the  huiiis  of  nnim:ils  wliich  had  been 
exposed  to  powdered  flint  or  quartzite  dust 
from  a  Transvaal  gold  mine.  Aftor  several 
months  the  eoal-dust  and  shale-dust  liad 
entirtdy  disappeared  from  the  lungs,  whereas 
the  flint  and  quartzite  were  nearly  as  abun- 
dant as  immediately  after  the  exposure  to 
the  dust. 

The  examination  showed  that  all  the  dust 
particles  are  taken  up  into  the  protoplasm 
of  certain  of  the  epithelial  cells  lining  the 
air-cavities  of  the  lungs.  In  the  case  of 
the  coal-dust  or  shale-dust  these  cells  de- 
tieli  themselves  and  wander  away  with 
their  load  of  dust-particles.  Some  pass 
directly  into  tiie  ends  of  the  bronchial  tubes, 
and  are  thence  swept  upwards  by  the  cilia 
and  .--wallowed.  They  thus  pass  out  of  the 
body  by  the  alimentary  canal.  Other  dust- 
laden  cells  wander  into  the  lymphatic  ves- 
sels and  are  cairied  to  the  lymphatic  glan- 
dular tissue  surrounding  bronclii.  From 
this  posit'on  they  wander  right  through  the 
walls  of  the  bronchi,  and  are  then  swept 
out  like  the  cells  already  referred  to.  Still 
other  dust-laden  cells  are  carried  into  the 
lymphatic  glands  at  the  roots  of  the  lungs, 
and  where  they  wander  afterwards  is  still 
uncertain. 

In  the  case  of  the  flint  or  quartzite  dust 
nearly  all  the  dust  remains  in   situ.     It  is 
ily  to  a  comparatively  small  extent   that 
e  cells  wander  out  witli  it,  though  some 
mdering  does  occur,  and  some  of  the  dust 
adually    reaches   the     lymphatic     glands, 
here   it   can   readily   be   recognised,    as  it 
•comes  coated  with  a  dark  pigment. 
It   can   now   be   realised   readily   what   is 
ippening   in   the   lungs    cf    a     coal-miner 
reathing  large  quantities  of  coal  and  shale 
IS.:,  as  compared  with  what  is  happening 
1  the  lungs  of  a  gold-m-ner  breathing  (juait- 
te  du-t.     As  fast  as  the  dust  goes  in  day 
V  day  to  the  coal-miner's  lungs  it  is  car- 
ed out  again  by  the  dust-cells.     His  lungs, 
is  true,  are  probably  always  more  or  less 
lack;  but  on  tlie  cth.er  hand  v.iiat  he  coughs 
p  is  black  and  full  of  the  dust  on  its  way 
•it   again.     His  black   spit   is  in  truth   his 
ilvation.        On    exposing    the    animals    to 
•  datively  small  daily  doses  of  coal  or  shale 
iust,  and  continuing  this  over  a  long  period, 
;  was  found  that  after  a  few  days  the  dust 
!i   tlie   lung.-i   ceased  to  increase.     The   in- 
ike  of  du.-;t  was  thus  balanced  by  the  out- 
l»ut.        From    all    we    know    about    similar 
fihysiological   processes   we    may    be   pretty 


sure  that  the  capacitv  for  eliniinating  dusC 
particles  grows  with  use.  If  this  is  so  the 
practice  of  constantly  getting  rid  of  coal 
and  shale  dust  may  help  tlie  lungs  in 
eliminating  other  kinds  of  harmful  particles 
such  as  tubercle  bacilli,  and  may  thus 
account  for  the  remarkable  fact  that  coal- 
miners  are,  and  always  have  been  since 
statistics  were  first  available  sixt\'  years 
ago,  extremely  free  from  j^hthisis. 

In  the  case  of  the  miner  breathing  quart- 
zite dust  the  dust  remains  for  the  most 
part  in  siiu  in  the  lungs,  and  there  tends 
to  accumulate  from  month  to  month  ancj. 
year  to  year.  Some  of  it  is  certainly  got 
rid  of;  but  to  reach  a  balance  between  in- 
take and  output,  without  there  being  a 
dangerous  permanent  loading  of  the  lungs 
with  dust,  the  amount  of  dust  inhaled  must 
be  reduced  to  a  minimum.  The  fate  of 
men  who  have  constantly,  and  often  against 
constant  warning  and  against  the  law, 
exposed  themselves  to  heavy  concentrations 
of  quartzite  or  granite  dust  in  working  rock- 
drills  and  in  blasting,  is  tragic.  For  many 
years  back  I  have  abstracted  for  the  Home 
Office  the  information  obtained  by  local 
Registrars  in  Cornwall  as  to  the  mining 
historj^  cf  miners  who  have  died  there. 
Since  the  war  no  statistic.^  have  been  pul)- 
lished,  but  for  ten  years  previous  to  the  war 
the  average  duration  of  employment  ou 
machine  drills  of  the  men  who  died  in  the 
Redruth  area,  and  had  worked  machine 
drills  in  the  Transvaal  only,  was  4'7  years, 
and  in  Cornwall  only  was  7'8  years.* 
Practicall}'  every  one  of  tliese  men  died  of 
phthisis,  and  usualh-  at  an  age  below  40. 

On  the  ultimate  effects  of  chronic  over- 
loading of  the  lungs  witli  dust  I  do  not 
propose  to  dwell  at  present.  I':  may  suffice 
to  mention  that  an  over-development  of 
connective  tissue  gradually  occurs,  con- 
stituting the  condition  of  "  fibrosis."  and 
that  at  the  same  time  the  lungs  become 
extremely  susceptible  to  attacks  by  the 
tubercle  bacillus,  so  that  death  from  phthisis 
is  the  usual  result. 

Why  is  coal  or  shale-dust  easily  removed 
from  the  lungs,  but  not  siliceous  dust?  And 
why,  above  all,  is  pure  quartz  so  difficult 
to  remove,  while  the  large  proportion  of 
quartz  in  shale-dust  is  removed  quite  easily? 
Let  us  take  the  first  question  first.  The- 
evidence  points  to  the  fact  that  not  only  is 
quartz  dangerous,  lait  al.-o  other  kinds  of 
verv  insoluble  crystalliiu;  dust.     Thus  Pro- 
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fesi-jor  lit^ittii'  tniiiid  tlmt  onifiT,  a 
crvstalliiic  alimiiiin,  i\\u\  cai  horiiiKliiiii,  a 
rail)<)ii  silicidi',  ait-  wvy  (lanj,'t'r()iis.  N<nv 
if  it  wi'if  tlic  casi'  that  tlic  daii^'i-r  is  diic 
t)  iiu'it'  liardiK'Ss  or  sliaiptu'ss,  \\v  slionM 
fxpoi't  to  Hiid  that  I'l.vst  ilhiif  dust,  own 
wlu'M  inixfd  with  otlicr  ilust.  is  daii^'t-roiis. 
lint  thf  iiuait/.  ill  shalf  and  other  hard 
stoiU'  is  actually  hariidoss  in  prafticc.  The 
!iK're  {'iK'niical  i-oinpositioii  of  the  stoju' 
iloi's  not  st'cm  to  matter.  TIumo  is,  how- 
ever, a  (|uality  in  tlu'  dust  that  docs  srcni 
as  if  it  mattered,  and  this  is  its  power  of 
ad-;orl)inj,'  other  snhstanees. 

Ailsorption  or  solid  solution  is  a  process 
distinct  frjin  chemical  c()nn')inat:on  and 
similar  to  soluti<in  in  a  liquid.  It  depends 
uj.on  attraction  hetueen  the  molecules  of 
the  ads<irl)ed  substance  and  those  of  any 
tree  surface  on  or  in  the  adsorl)in>,'  solid, 
just  as  solution  depends  on  attraction 
between  the  molecules  of  the  solvent  and 
of  the  dissolved  substance.  The  import- 
ance <if  adsor])tion  in  all  kinds  of  processes 
used  in  industry  is,  of  course,  very  fjreat ; 
and  the  recent  remarkable  experiments  by 
Mr.  Ivon  (iraham  on  the  solution  or  ad- 
sorption <if  pases  by  coal*  point  out  one 
direction  in  which  adsorption  is  of  great 
interest  in  coal-mining.  ]^articles  of  coal- 
dust  and  other  instduble  carbonaceous  mat- 
ter possess  in  a  high  degree  the  pro])erty  of 
adsorbing  other  substances.  The  same 
property  is  possessed  in  a  less  degree  by 
sucli  substances  as  shale;  while  crystalline 
substances  such  as  ipiartz  seem  to  have 
very   little   adsorptive   jwwer. 

Now  we  can  well  imagine  that  insoluble 
<lust-particles  are  attractive  and  stimulat- 
ing to  dust-collecting  cells  in  proportion  to 
the  soluble  substances  adsorbed  in  the  dust- 
particles,  and  that  the  particles  containing 
little  of  these  substances  will  be  coiTes- 
pondingly  unstimulating.  This,  at  least, 
seems  to  me  the  mo.-t  probable  explanation 
of  why  some  kinds  of  insoluble  dust  stimu- 
late the  cells  and  others  do  not ;  and  the 
facts  so  far  known  seem  to  be  consonant 
with  this  explanation,  though  far  more 
work  on   the  whole  subject  is  required. 

To  the  second  of  the  two  questions  the 
answer  seems  simpler.  The  particles  of 
•ijuartz  are  taken  up  by  dus. -collecting  cells, 
as  already  mentioned,  though  the  cells  dr> 
not  readily  wander  out  with  them.  But  if 
enough  of  the  juicy  ad.-orbent  particles  are 
also  present,    they   will   stimulate   the   cells 
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suHieiently,  and  coiiscfpieiitly  the  whole  of 
the  dust,  in<du<iing  the  quurtz,  will  be  re- 
mo\fd.  in  this  way  we  can  see  how  n 
mixture  <if  <piart/,  with  silieutcK,  as  in  shule- 
dust  and  the  dust  Ironi  many  hard  stones, 
causes  no  harm.  We  can  also  see,  1  thiidv. 
why  the  dust  in  the  Transvaal  g»ld  mines 
is  so  nnich  mor*-  harmfid  than  in  Kome  other 
districts  where  the  metal  mined  is  al:-o  in 
quartz.  In  the  Transvaal  both  the  tiold- 
bearing  reef  and  the  Kinromnling  "  country 
rt)ck  is  (piart/.ite.  The  <juart/,  dust  is  tlais 
vi-ry  |)ure.  At  Mysore,  on  the  cftntrary, 
.he  country  rock  is  not  «piart/jte;  and  tin- 
dust  is,  therefore,  a  mixture  containing, 
pr.ib.ibly,  enough  of  the  stimulating  variety 
of  dust  to  stir  the  dust-collecting  cells  to 
activity. 

On  the  subject  of  the  Mysore  mines  and 
the  ■'  country  "'  rock  of  the  Transvaal  mines, 
I  am  indebtt'd  for  information  to  l)r.  W.  F. 
Smeeth  of  the  Mysore  (iovermnent  Mines 
I)ei)artment.  In  a  letter  he  has  kindly 
written  to  me  he  makes  the  foll')wing  state- 
ment as  regards  the  Myson'  mines: — "  The 
amiferous  veins  are  composed  <;f  practically 
pure  quartz;  but  the  rock  or  '  country  '  in 
which    the    veins    lie    is    composed   of    basic 

lava     flows    havillL'    .llKJllt     the    f::ll<iW:tlL'    i-'i'ii- 

position  :  — 

8i(),  1'.' 

AlJ)3  14 

FejJa  and  FeO         11 

Mg'O  r, 

CaO  11   ■ 

Xa.O   an. I    KJ)  

Owing  to  the  small  size  of  the  veins  a  good 
deal  of  the  "  country  '  is  broken  along  with 
the  quartz — perhaps  30  to  oO;  of  the  for- 
mer; and  the  dust  is  likely  to  consist  of 
not  much  more  than  ")()  of  quartz,  with 
nearly   oOy   of   silicates." 

Pressure  of  war  work  has  prevented  me 
from  collecting  from  various  mining  dis- 
tricts the  information  I  had  hoped  to  bring 
forward  on  the  question  of  the  nature  of 
the  dust-mixture  actually  breathed  by  the 
miners,  and  the  corresi>onding  effects  of 
the  dust  on  the  lungs.  But  I  trust  that 
valuable  facts  will  be  contributed  in  ti 
course  of   the   discussion. 

If  the  presence  of  another  dust  can  pre- 
vent the  ill-effects  of  quartz  or  other 
dangerous  varieties  of  dust,  then  we  should 
expect  to  be  able  to  verify  this  by  experi- 
ment;  and  Mr.  Mavrogordato  was  t:l)le, 
before  sto])])ing  his  work,  to  carry  out 
experiments  where  coal-dust  was  added  to 
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tiie  riiiit-dust  bivathfd  by  the  animals. 
The  results  indicated  that  practically  the 
whole  t)f  the  Hint-dust  was  got  rid  of  within 
a    moderate   time. 

rnfoHunati'ly.      tlicse      very      important 

experiments    were    only    carried    on    under 

event    dirticulty,    owing    to    war    work,    and 

T-  .  ir  extension   had  to   be   pos:poned.        It 

vident,   however,   that   the   facts  ascer- 

...td  pohit  to  the  possibility  of  attacking 
the  prdilem  of  dangerou.^  stfine-dust  in 
mines  and  el.sewiiere  from  a  new  side,  and 
in  a  manner  stransely  similar  to  that  in 
which  Sir  William  Garforth  attacked  the 
eo.iUlust  problem.  If  we  cannot  altogether 
prevent  the  inhalation  of  dangerous  stone- 
dust  we  can  apparently  neutralize  its 
effects  by  causing  anotlier  kind  of  dusi:  to 
be  inhaled  al-ng  with  it.  Dust  from  pul- 
verised clay  or  sliale,  or  a  mixture  of  coal- 
dust  with  shale-dust,  would  seem  to  be 
suitable.  A  black  mixture  of,  say,  60%  of 
shale  wrtii  coal-dust  might  be  speeially 
suitable,  as  it  would  be  easily  visible,  and 
could  not  explode.  The  most  suitable 
method  of  applying  it  so  as  to  ensure  that 
the  men  should  breathe  enough  of  the  dust 
would  have  to  be  carefully  thought  out ; 
but  I  do  not  see  why  practical  success 
should  not  be  reached,  particularly  if  the 
existing  precautions  against  inhaling  quartz- 
dust  were  vigorously  maintained.  The  less 
quartz-dust  is  inhaled,  the  less  of  the 
neutralizing  dust  will  be  required,  just  as 
in  the  case  of  coal-mines  the  less  coal  and 
coal-dust  is  deposited  along  the  roads  the 
e-s   .stone-du-t   will   be   required. 

Exi)eriments  as  to  what  other  kinds  of 
lust  are  dangerous  besides  quartz  had  to 
be  postponed  meanwhile.  ^luch  to  our 
urprise  it  had  been  found  tliat  the  flue- 
dust  whicii  has  been  used  at  some  collieries 
ff^r  stone-dusting  is  a  kind  of  dust  which  is 
not  readily  eliminated,  and  would  probablj-, 
tlierefore,  be  dangerous  if  inhaled  without 
arlmixture.  It  seems  almost  certain,  how- 
ever, from  what  has  been  already  said,  that 
tine-dust,  when  l)reathed  along  with  coal- 
dust,  would  be  practically  harmless.  Even 
it  a  coal-mine  was  stone-dusted  with  quart- 
/ite  stone-dust  like  that  of  tlie  Transvaal 
mines  I  doubt  whether  much  harm  would 
i'~nlt:  thougli  I  certainly  shoidd  not  think 
^iich  an  experimetit  justifiable. 

The  need  for  further  experiments  on  the 

tfects  of   inhaling  different   kinds  of   dust, 

.Hid  on  the  conditions  needed  for  neutraliz- 

.    the    ill-effects  on    the    lungs,    is    very 


evident,  but  as  tlie  practical  conclusions 
which  can  be  drawn  from  what  has  already 
been  discovered  are  both  evident  and 
important,  it  seemed  worth  while  to  give  the- 
present  summary.  Observations  of  mining, 
engineers  on  the  effects  of  dust  inhalation 
and  the  accom]ianying  mining  conditions  in 
different  mining  districts  throughout  the 
world  would,  of  course,  be  a  most  valuable 
help  in  guiding  future  experiments  and  de-^ 
vising  effective  metliods  of  preventing  the 
terrible  suffering  and  loss  due  to  miners' 
phthisis  and  fibrosis. 

As  far  as  coal-mining  is  concerned  the 
results  of  the  investigation  are  fortunately 
very  re-assuring.  So  long  as  the  dust  in  a 
coal-mine  is  not  explosive,  and  is  not 
breathed  in  excessive  quantities,  it  seems 
to  do  no  harm,  and  possibly  even  does  some- 
good. 


Obituary. 


^IR.    J.    S.    CUPiTIS. 

Tlie  death  is  recorded  with  sincere  regret 
of  Mr.  Joseph  Storey  Curtis,  one  of  the 
foundation  members  of  the  Society,  owing 
to  a  sudden  and  severe  attack  of  pneumonia. 
]\Ir.  Curtis  was  one  of  the  first  American; 
mining  engineers  and  geologists  to  airive 
in  South  Africa  in  1886,  when  with  Mr. 
Gardner  Williams  he  visited  the  Eand  and 
Barberton.  His  first  undertaking  was  the 
laying  out  of  the  Eobinson  mine,  and  sub- 
sequently as  a  firm  believer  in  the  deep 
levels,  demonstrated  their  payability  by 
putting  down  the  first  bore-hole  on  the  Vil- 
lage ]\Iain  Reef  ^Nline,  of  wliich  he  was  the 
managing    director.* 

In  the  stormy  days  of  1895  he  took  a 
keen  interest  in  Transvaal  politics,  which 
resulted  in  his  becoming  one  of  tlie  Reform 
prisoners,  while  lie  was  also  closely  asso- 
ciated with  horse-breeding  and  racing  in 
those  da^-s. 

During    later   years,    Mi'.     Ciiitis     retired 
from  active   mining   work,   and   wliile  occa- 
sionally contributing  to  the  discussions  on 
various    subjects    before    this    and    kindred 
societies,  his  chief  work  was  in  tlie  prepara- 
tion of  a  history  of  the  Witwatersrand.     In 
;    the   words  of  the   Rev.    Digby   Berry,    who 
I    conducted  the  service  at  Brixton  Cemetery, 
Mr.    Curtis   "  was   a   fine   American   gc-ntle- 
j    rnaii." 

i  *  See  this  Jounuil,  \ol.  XII.,  .July  1011,  p.  32. 
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CHEMISTUV. 
Zincnx  KitOM  Bhazil.— "Actoidiiii,'  tn  tin-  fr,,n 
l;/»  Hraziliaii  /inoii  is  becoming  a  maiketaldi'  pro 
(iurt  ill  tlie  Initod  States,  beiii^  salt-al.le  at  S'lO 
to  $iiU  jior  toil.  Zircon  is  ii.sed  tliicdy  in  tin-  maiiii 
faitmi'  of  retractoiy  ciiuil)It>s  and  for  tin-  refrac 
toi-v  linings  of  furnaces.  Silicate  of  /.iicmia,  the 
mineral  known  as  /.ircon,  is  found  in  small  civstals 
mixed  witli  inona/.ite  in  the  sands,  out  of  which 
the  Brazilian  inona/.ite  is  washed.  In  the  |irocess 
of  recoverini,'  inona/ite  from  these  sands  the  /.ircon 
and  the  ilmenite  (hiack  oxide  of  titanium  and  iron) 
are  .separated.  As  the  ilmenite  has  a|)|iarenlly  no 
commercial  value  it  is  thrown  away,  but  aceordint; 
to  exporters,  zircon  can  be  marketed  at  .5.*)0  a  ton 
with  a  small  profit,  in  spite  of  liii,di  fieij^dit  rates. 
With  the  present  electric  .separating'  machines  it  is 
practically  im|)ossible  to  remove  ail  the  mona/.ite 
from  the  ziiC(Ui.  and  a  residuum  of  "J"',,  to  (i'V,  of 
nioiia/.ile,  of  small  value  and  very  difficult  to 
recover,  is  bound  to  remain  with  the  /.irion." — 
l/iili'iii  Kiii/iitcriiiii/.  Jan.  o,  ini8,  p.  9.     (J.  A.   \V.) 


(JuArHiTE    IN    Madacxsiau.  —  "The    deposits    ex 
tend    for   a   distance   of   400   miles,   and    so   far   only 
the   out<  rops    liave   been    worked.     The    bulk   of    the 
graphite   is   in    the   form   of   thin    flakes   from   ^    in. 
diameter  down  to  fine  dust,  the  amorphous  variety 
beim;     rare  ;    as    dut;    out     the    ore    contains    60% 
graphite,   but  only   a  third  of  this  is  recovered  by 
present    methods    of    dressing.     t)f    this    60%,    cou- 
taiiiiiig  90 — 9()",,  carbon,  is  suitable  for  crucibles  and 
furnace   linings,    while   the    remainder    (fine   dust)    is 
used    for   other    purposes.     Some   deposits   contain    a 
large    mi.xture    of    mica    and    iron,    and    await    the 
develojiment    uf    a    satisfactory    separation    process. 
The  deposits  are  worked   by  native  labour  employ- 
ing their  own  crude  methods  of  hand  washing,  etc., 
and  Mr.   Shetley  suggests  that  the  staff,  that  is  at 
present    producing   2.3    tims   of    marketable    graphite 
could    with    labour-saving    devices    secure    2.J0    tons. 
The   working  cost   at  the   mine   averages  £9  a   ton, 
and    with    inland    transport,    shipping,    ta.xes,    etc., 
added,  the  total  cost  amounts  to  £17 — £19  per  ton 
c. i.f.    London,    under    normal    conditions.     In    1913 
about    120.000  tons  of  graphite  of   all   kinds   repre- 
sented   the    world's    production.        Ceylon   produced 
40.000  tons  and  Madagascar  8.000  tons,  though  the 
1915    production    of    the    latter    was    estimated    at 
12,000   tons.     The   graphite   e.xports   of   Madagascar 
have  risen  to  the  latter  figure  from  19  tons  in  1909. 
The  production   is  exported   to   Europe,   and   used  : 
60%  for  crucible  retorts,  15%  for  furnace  and  con- 
verter  linings.    10%,    for   paint.    10%,    for   lubricant, 
and  5%   for  foundry  moulding.     Great  possibilities 
await  the  development  of  the  graphite  industry  in 
Madagascar."' — John     W.      Shetley. — Indian     En- 
gintiring,   Feb.    16.   1918,  p.   93.     (J.   A.   W.) 


METALLURGY. 

Charcoal  as  Gold  Precipitaxt.  —  In  April, 
1916,  the  writer  made  numerous  laboratory  e.xperi- 
ments  on  the  precipitation  of  gold  by  charcoal 
which  gave  such  encouraging  results  as  to  justify 
them  being  continued  until  a  commercial  process 
was  evolved.  In  August  of  the  same  year  a  plant 
was  installed  at   the   Yuanmi  G.M.,  Ltd.,   where  it 


h.i.s  since  been  workiiii^  (OMlinuou»*ly  with  ino»t 
satisfactory  resultH,  and  precipitation  of  gold  by 
niean.4  of   /inc  hax  been   completely   dimarded. 

Ak  a  <l<-tailed  deKcription  willnhortly  be  pub 
lished  dealing  with  reHultn  obtained  in  e.xperimen 
t.il  Work,  with  the  theoietital  «ide  of  charcoal  |ire 
cipitation  and  iilmt  with  ddailh  of  plant  rei|uired, 
it  will  Kulfice  here  to  briefly  couHider  the  more 
salient   features  of   the   proceuii. 

The    main    points   establiHln'd    are   as   folluwn  :  — 
(1)  Charcoal    is   a    inort-   eflicienl    precipitant    if 
(juenched   red    hot   than   if   cooled   hIowIv. 

(2)  Fine  grinding,  eHpecially  wet  grinding, 
further    greatly    increaseK    its   efficiency. 

(3)  A  suitable  source  of   charcoal   where   wood   is 
used  as  fuel,  is  the  ash  pit  of  any  wood   burn 
ing    furnace.     The    hot    ashes    are    (|U('iiched    in 
water,    washe*!    free    from    anil    [)ro|>er    and    tln^ 
remaining    clean    charcoal    finely    ground    wet. 

(4J  Agitation  of  the  solution  to  be  [»recii)itated 
with  charcoal  is  not  necessary  ;  filtration 
through  cakes  of  ground  charcoal  suffices,  tlius 
greatly   simplifying   the   process. 

(5)  It    is   impo.ssible   t(»  efficiently   carry   out   pre- 
cifiitation    in    one    stage  — a<i    either    luRh    tail.s 
will  result,  or  only  a  portion  of  the  precipitat 
ing  energy  of  the  chardial  will  be  useti.   Filtra 
tion     through     at     least     two     and     preferably 
through    three    charcoal    cakes    is    re<juired. 

(6)  Filtration  would  be  too  slow  utiless  assisted 
by  pressure  or  vacuum.  It  is  also  indispens- 
able that  the  cakes  should  be  of  even  [lerme 
ability,  otherwise  channelling  with  consef]uent 
imperfect  precijiitation  ensues.  The  Moore- 
Edmands  \'acuum  P^xtractor  was  specially  de- 
signed to  give  an  abs(dutely  even  cake,  and  is 
in   successful   operation    here. 

{")  A    simple    means   had    to   be   devi.sed    to   burn 
the    gold-laden    charcf)al,    leaving    an    ash    free 
from  carbon  and  avoiding  loss  from  dusting. 
Method     of      WarkiiKj. — G'riiidiiuj. — The     red-hot 
ashes,  after  quenching  are  transferred   to  a  basket 
of    heavy    wire    screening,    about     ^    in.    aperture, 
tossed  in  a  trough  of  water  to  remove  ash,  and  the 
clean   charcoal   ground   wet  in   a  C.I.    Barrel,   4   ft. 
by    2    ft.     diameter    containing    balls.        This    dis- 
charges   the    ground     charcoal     pulp     into    a     box, 
whence   it   is   pumped   as   recjuired    to   extractors. 

The  bars  of  the  furnace  whence  the  asli  is 
obtained  should  not  be  spaced  too  wide,  otherwise 
much  hard  charcoal  will  result,  the  finer  and  softer 
charcoal   gives   the   better   results. 

Pri  rlpitatinn. — Three  Moore-Edmands  extractors 
are  used.  They  are  rectangular  vessels,  8  ft.  long 
by  2  ft.  6  in.  wide  by  5  ft.  3  in.  deep,  with  '  V  ' 
shaped  bottoms  and  are  constructed  of  ^  in.  steel 
plate  or  even  of  plain  galvanised  iron.  Each  ex- 
tractor carries  21  filter  leaves  similar  in  principle 
to  those  used  in  vacuum  slime  filtration,  the  size 
of  each  being  2  ft.  3  in.  by  2  ft.  9  in.  They  are 
connected,  rin  a  manifold,  with  a  wet  vacuum 
pump  attached   to  each   extractor. 

Four  propellors,  with  thrust  in  alternate  direc- 
tion and  mounted  on  a  horizontal  shaft  revolving 
in  the  extractor  under  the  filter  leaves,  provide 
efficient  means  of  agitation. 

Solution  is  maintained  at  a  constant  level  in  the 
extractors  by  a  float  valve  of  special  design — A. 
An  auxiliary  float,  connected  to  an  electric  bell, 
gives  warning  should  the  sijlution  level  be  too  high 
or  low. 
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C'eiieral    Ai  laiigement    of    Plant. 


riie  tliree  extractors  are  connected  to  three  vats 
vontaininp:  respectively,  gold  solution  to  be  preci- 
pitated,  1st  tails  and   2nd   tails. 

The  pipe  system  is  best  arranged  so  that  each 
extractor  may  be  connected  at  will  with  either  of 
tne.se   three   vats. 

About  300  lb.  charcoal  is  the  usual  charge  for  an 
extractor  and  the  flow  of  solutif.n  is  as  follows  :— 
l>old  .solution  flows  through  'A'  extractor  and  is 
delivered  to  the  Lst  tail  vat,  thence  it  flows  through 
B  extractor  to  the  2nd  tail  vat,  thence  finally 
through  '  f  '  extractor  to  any  part  of  the  treatment 
plant  as  required. 

When   the  charcoal   in    'A'    is   sufficiently   charged 


with  gold  it  is  run  out,  pressed,  washed  and 
burnt.  Its  removal  is  effected  by  releasing  vacuum 
and  continuing  propeller  agitation  until  the  char- 
coal cakes  are  thoroughly  emulsified,  when  the  pulp 
is  run  by  gravity  into  a  sump  and  pumped  to 
clean-up  press.  Extractor  'A'  is  then  again 
charged  with  300  lb.  fresh  charcoal,  but  by  altera- 
tion of  valves  now  receives  solution  from  2nd  tail 
vat,  becoming  the  third  unit  in  the  system,  '  B  ' 
being  the  fir.st,  dealing  with  gold  solution  and  '  C  ' 
the  second,  taking  tails  from   'B.' 

Similarly,  when  '  B  '  has  a  full  charge  of  gold  it 
is  discharged  and  re-loaded,  becoming  the  third 
unit,  '  r  '  the  first  and  'A'  the  second.  In  effect 
the   principle  is  similar  to  counter-current   decanta- 
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tidii,    till'    flow    uf    S(ilutii)ii 
op})0.site   diri'ftioii. 

The  reason  for  iisiiifj  sta^e  |>ri-ii|iitatioii  is  ob 
vious.  Without  it  the  final  tail  solution  would  rise 
ill  value  loii^  Ijcfoie  the  prei  ipitatiiij^  energy  of  the 
charcoal  was  exliausted,  and  a  ;iieater  i|uantity  of 
rharidal  would  he  needed  to  niaiiitain  ^oud  preci- 
pitation, hut  hy  its  adnption,  this  energy  is  used  to 
the  fullest  extent,  and  tlie  amount  of  i  hareoal  ii' 
quired   is  enrrespoiidiiif^ly   reduced. 

It  is  found  that  not  very  much  precipitation 
takes  place  in  tiie  first  unit,  yet  it  s»'rves  a  useful 
purpose  in  removiiij;  certain  salts  from  the  solution, 
notably  lalcium  sulphate,  and  thus  prolonging  the 
precipitating  activity  of  the  second  and  third  units 
by  preventing  their  [)recipitation   there. 

The  capacity  of  the  extractors  of  the  size  de- 
scribed is  about  42(1  tons  solution  per  day.  One 
extractor  is  discharged  and  re-loaded  at  intervals 
of  two  and  three  days  alternately,  and  each  clay 
the  vacuum  is  released  for  a  few  minutes  from 
each  extractor,  the  charcoal  cakes  dropped  and 
re-emulsified  and,  on  again  applying  the  vacuum 
the  cakes  are  re-formed.  This  occupies  only  a  short 
time  and  ensures  maintenance  of  the  even  perme- 
ability of  the  cakes. 

Clffin-ii p. ^The  gold-bearing  charcoal,  after  lie- 
ing  discharged  as  described,  into  the  sump,  is 
pumped  into  a  small  ileaniip  press  and  washed  to 
remove  as  much  calcium  sulphate,  etc.,  as  possible. 
About  fiOU  gallons  clean  water,  free  of  course  from 
suspended  niatier.  is  required  per  charge  of  ;J00  lb. 
charcoal.  The  cakes  are  then  freed  from  excess 
of  moisture  by  compressed  air. 


ing.      A    |)artial    allaly^is    of    a    sample    nhowt-d    tli< 
following  :- 


I'er   cent 

CaO — free- 

L'l  05 

CaSO. 

'.'H(i 

.S    (an   sulphide 
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(I'.' 

(at)    combined 

will 

siliia.    el» 

•id 

Insol.     residue 

G-7 

Ke.O, 

9(5 

Au 

...     mr, 

Smelting  is  effe<  ted  in  a  tilt  furnace  using  ^rap 
hite  pots,  the  (-orrosion  on  pots  i»  less  than  with 
zinc  precijiitate,  and  slag  value,  after  amalgamation 
is  about  .'ioOs. ,  which  is  also  very  considerably  be 
low   that  of  slag  from   zinc   precipitate. 

The  purity  of  the  bullion  produced  is  inin  h 
higher. 

I'(t.*<ihli'  .Mlirimtiff  ti>  Sim Itiinj.— The  writer  is 
at  present  working  on  an  alternative  wet  method 
for  ash   treatment 

It  is  found  that  the  gold  in  this  ash  is  readiiv 
soluble  in  cyanide,  but  the  best  method  of  preci[ii 
tation  is  still  under  consideration.  Tlie  successful 
application  of  a  wet  method  mitiht  effect  cfnisider 
able  economies  in  fluxes,  pots  and  coke-especially 
desirable  at  present  war  prices. 

Comparison  of  Charrodl  with  Ziiir. —^The  solu- 
tion precipitated  at  the  Vuanmi  (JoM  .Mines  results 
from  the  treatment  of  roasted  sulphantimonial  ore 
containing  arsenic.  Sulphur  enters  the  solution  in 
various  forms,  largely  as  (aSO^,  from  lombination 
with    calcite,    which    also    occurs    in    the    ore.    and 


Tons    solution    precipitated    per    24    hours 
Tail    value    of    solution 
Percentage    precipitated 

Percentage    of    fine    gold    contained    in    material    to    be 
smelted    (ash    or    calcined    precipitate^ 


Ziiu: 
Dust. 


(   )i:i!(  oil. 

First    Few 

Months. 


f'harcoal. 

Later 
Practice. 


237 
1-4.5/- 
928         1 

100 


279 

032/- 

97-6 

102 


265 

0175/- 
98-7 

9G 


The  charcoal,  without  any  further  drying,  and 
still  containing  rather  more  than  50%  moisture,  is 
now  ready  for  burning. 

Burning  is  effected  by  putting  the  damp  char- 
coal into  '  Braziers,'  which  are  simply  rectangular 
vessels  constructed  of  heavy  wire  screening,  §  in. 
to  5  in.  aperture,  and  measuring  18  in.  by  18  in. 
by  18  in.  At  the  bottom  of  each  brazier  a  few 
live  coals  are  placed,  when  ignition  of  the  damp 
charcoal   cakes   soon   conamences 

The  braziers  are  placed  in  a  sheet  iron  combus- 
tion chamber,  locked  up  and  left.  Combustion 
proceeds  slowly  for  about  48  hours,  when  all  the 
carbon  is  burned  and  only  the  gold  bearing  ash 
remains   for  treatment. 

There  is  no  loss  by  dusting  and  no  attention  is 
required. 

S III  el  tin>j.— The  ash  is  very  basic  and  requires 
plenty  of  sand  and  about  40%  of  borax  for  smelt- 


forms  a  practically  saturated  solution.  Arsenic 
and   antimony   further  complicate   matters. 

Precipitation  was  originally  effected  on  zinc 
shaving  which  was  not  entirely  .satisfactory  even 
when  treating  oxidised  ore  only.  When  a  mixture 
of  oxidised  and  roasted  sulphide  ore  was  milled, 
shaving  had  to  be  abandoned  in  favour  of  zinc 
dust,  which  yielded  fairly  good  results  until  the 
supply  of  oxidised  ore  ceased  and  sulphide  ore 
alone"  was  treated,  when  precipitation  troubles 
again  arose  and  were  finally  .solved  by  the  intro- 
duction of  the  new  charcoal   process. 

The  following  figures  are  the  averages  of  some 
months  work,  but  the  quantity  of  solution  precipi- 
tated represents  rather  the  amount  available  than 
the  capacity  of  the  plant,  which  latter  is  420  tons 
per  day  with  charcoal  and  somewhat  less  with  zinc 
du.=;t.    "  . 

These  figures  show  a  decided  gain  in  efficiency 
by  substituting  charcoal  for  zinc,  the  latter  leaving 
eight   times   as  much   gold    in   solution. 
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i>.--f  of  Cliiirrodl  ftnii  /inr  I' n  ri fntntion 
average  montlilv  output  of  l.oOO  fiiit 
1.S17-N   ../     and  "l  .517-7   , 


l.nl 


f..! 


f<iii>iit(i,  and  hlionld,  t liiTclnrc,  In-  h-miomiI  ax  f;ir 
as  ()o«hil)l«'  by  wa«liiii«  in  tin-  dean  up  prcuH.  It 
docs  not  ap|)i-ar  to  materially  afT«'<t  precipitation 
irid  Ki'Mcrally  <  han-oai  is  Ichs  H»'n»itivi'  to  tlie  action 
nf  many  impuriticn  which  linve  an  adverHO  sution 
"II  zinc.  Thin  is  hhown  hy  resultH  obtained  in 
firacticc.   as  aluo   in    lahoratfiry   e.xperim«*ntK. 

Treating  Kcdntion  from  unroaKted  cne  there  is 
little  doulft  that  the  [lercentaK''  '»f  K"'*'  '"  t'""  a^h 
would    lie  greatly   iiureaKed. 

The  sue  c  ens  of  the  proceHH  is  larjjely  «lue  to  the 
Moore  KdmandH  extractor,  the  joint  inventi.m  of 
.Mr.  Karl  Byron  Moore  and  the  writer,  and  valnahle 
.•=u  litest  ions  and  assistance  were  uiveri  hy  Mr. 
.Mooro  in  developinj;  the  scheme  of  charcoal  preci 
pitation. 

It    is   pdssil.li-  \]\:ix   the  fact  of  charcoal    precijiita 


Zinc 


Bank    and    mint    charges 

One    ton    zinc    dust    ... 

f'alcinini?    precipitate,    2   tons    wood    ... 

Sulphuric    acid 

I^ead    acetate   used    in    extractor,   250   lb.    at    8d. 

Grinding    lA   tons   charcoal,    power   and    repairs 

Borax,   35°o   on   .^40  lb.    /.inc  precipitate  =  190  lb.    at    b 

Borax    40%    on    1.030   lb.    charcoal   ash  =  412  lb. 

foke,   .30  cwt.   and   -'lO  cwt.    respectively  at  9s.   8d. 


Balance    in    favour    of    charcoal 


£       8. 

d. 

78  i;j 

.5 

11.5     0 

0 

1      0 

n 

11     u 

n 

8     0 

0 

9  10 

0 

14   10 

0 

'  "harcoal 


£    ^     .1 
.54    II      1 


1    10     0 


20  12     n 
24     3     4 


£237   19     -) 


100  16     5 
137     .3     0 

£237  19     .J 


zinc  and  charcoal  respectively  (based  on  the  figures 
given  for  respective  fineness)  the  cost  woald  be  : — 

Pots  arc  not  included  in  above.  They  last  rather 
longer  with   charcoal. 

To  the  direct  monthly  saving  of  £137  3s.  must 
be  added  the  even  more  important  gain  effected  by 
lessened  dissolved  gold  losses.  The  direct  saving 
wcjuld,  of  course,  fluctuate  greatly  with  price  of 
supplies,  etc.,  but  would  be  considerable  even  with 
zinc  at  a  nominal  price. 

Compared  with  precipitation  on  shaving,  char- 
coal has  the  disadvantage  of  greater  first  co.st  for 
plant.  The  extractors,  if  con.structed  on  the  mine, 
can  be  made  for  under  £70  each,  if  of  ^  in.  sheet 
steel,  and  less  if  made  of  plain  galvanised  iron. 
The  latter  is  quite  satisfactory,  but  the  former  is 
probably   better   for   permanent   work. 

The  braziers  and  burning  chambers  are  simple 
in  construction 

The  floor  space  occupied  is  less  than  that  requir- 
ed for  zinc  shaving.  Less  attention  is  needed  and 
the  clean-up  is  much  simpler,  the  absence  of  acid- 
ing  being  in  its  favour.  The  charcoal  is  not  touched 
by  hand  after  being  fed  into  the  grinding  barrel 
until  it  is  put  into  the  braziers. 

One  man  is  employed,  day  shift  onlv,  to  fill,  dis- 
charge, press  and  burn  the  charcoal,  to  re-form 
cakes  in  extractors  and  to  maintain  filter  leaves  in 
good  condition  by  occasionally  scrubbing  with 
dilute  acid. 

Cnkium  sulphate  and  other  lime  salts  give  some 
trouble  both  with  charcoal  and  zinc,  with  the 
former    it    gives    a    larger    amount    of    ash    to    be 


tion  having  been  employed  in  Australia  in  the  early 
days  of  cyanide  treatment,  and  its  having  proved 
less  efficient  and  more  cumbersome  than  zinc,  will 
militate  against  its  speedy  adoption  here,  even  in 
an  improved  form — yet  as  a  year's  continuous  run 
at  the  Yuanmi  Gold  Mines  has  conclusively  .«hown 
it  to  give  better  precipitation  at  a  less  cost,  to  be 
less  troublesome  to  handle  and  clean  up.  and  to 
yield  bullion  of  greater  purity,  it  appears  to  thf 
writer  that  it  must  eventually  displace  zinc,  as  it 
is  impossible  the  gold  mining  industry  will  for 
long  continue  to  purchase  zinc  and  acid  to  do  work 
that  can  be  more  efficiently  and  conveniently  per- 
formed with  a  waste  product." — H.  R.  Edmand.s. 
— Journnl  nf  Ch.  of  Mines  of  Wfufrrn  Am^trnlin, 
Sept.,    1917,   p.    214.     (H.    A.   W.) 


MINING. 

Sinking  Through  Wet  Strata.  —  "  Siiik-iinj  hrj 
the  Congelation  Procefs  in  Stages. — The  congela- 
tion process  can  be  carried  out  in  three  ways.  In 
one  method,  boreholes  are  sunk  in  a  ring  round 
the  shaft  ;  but  where  the  congelation  is  only  co'n- 
menced  at  a  depth  of,  say,  400  yard3,  the  putting 
down  of  this  circle  of  holes  is,  so  far  as  the  first 
400  yards  are  concerned,  unproductive,  or.  at  any 
rate,  a  burdensome  expense.  Moreover,  some  of 
the  holes  will  be  certain  to  have  deviated  so  fa 
from  the  vertical  as  to  be  useless  for  congelation 
and  where  the  rock  is  of  a  particularly  unfavour 
able  character,  for  instance,  steeply  pitched  and 
extensively    fissured,   a   set   of   supplementary   bore 
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holes  will  undoubtedly  be  required.  Another  point 
is  that,  as  the  congelation  progrr^ses,  the  comple- 
tion of  the  frozen  wall  round  the  shaft  is  liable 
to  endangtr  the  lining  of  the  upper  part  of  the 
shaft. 

In  a  modification  of  the  process,  channels  are 
provided  in  the  upper  lining  for  the  subsequent 
boring  of  the  ring  of  holes.  The  difficulty  in  this 
case  is  to  maintain  the  verticality  of  the  holes,  and 
to  keep  the  channels  open.  In  the  stage  between 
•00  yards  ajid  ">00  yards,  the  boreholes  may  deviate 
considerably,  either  inward  or  outward  :  and  in 
the  former  case,  such  of  them  as  come  within  the 
area  of  the  shaft  must  be  so  far  apart  as  to  be 
equally  useless  for  the  lower  portion  of  the  frost 
wall:  "so  that,  in  either  case,  supplementary  bores 
will  have  to  be  sunk  from  the  surface.  Even  in 
the  unlikely  event  of  all  the  holes  being  sufficiently 
near  the  vertical,  they  will  be  quite  close  to  the 
ly  near  the  vertical,  they  will  be  quite  close  to  the 
shaft  lining  in  the  wet  zone,  and  consequently  will 
not  give  a  strong  frost  wall,  even  with  a  great 
ex{>enditure  of  refrigerating  material,  e.xperiencfc 
having  shown  that  the  frost  wall  does  not  extend 
very  far  outside  the  ring  holes.  In  this  method 
too!  the  lining  of  the  upper  part  of  the  shaft  is 
likely  to  suffer  injury,  through  the  possible  inrush 
of  water  at  high  pressure.  The  two  methods  are 
therefore  only  suitable  for  cases  where  the  widen- 
inz  of  the  shaft  bottom  is  impracticable. 

In    the    third    method,    the    boreholes    are    drilled 
from    the    interior    of    the    shaft    it.self,    the    shaft 
bottom    being   widened    conically.   commencing   at   a 
height    of    about    30    ft.    above    the    wet    zone,    and 
lined     with     masonry,     concrete,     or    tubbing.        A 
number   of   .stand    pipes   are   then    set    up,    with   an 
outward  slope,  on  the  widened  bottom,  the  quantity 
required     and     the     angle     being     determined,    for 
each  case,  on  the  basis  of  experience.     A  string  of 
casing  is   attached  to  each   stand  pipe  and   led   up 
■  I  the  surface,  the  shaft  bottom  being  then  flooded, 
!id    the    boreholes    drilled    through   the    casings. 
It    will    be   evident    that,    in    putting   down   these 
oles,   considerable   experience   will   be  needed,   and 
liat    chance    plays   an    important    part.     \Yhilst,    at 
rst,    the    holes    will    follow    the    direction    of    the 
-taiid  pipes,  the  bits  soon  begin  to  get  out  of  line, 
iid    draw    towards   the    peryiendicular.     How    soon, 
lid    to   what    extent,   this   happens   cannot   be   con- 
rolled.     In    some    strata    they    follow    the    original 
ine  so  long  that  the  holes  get  too  far  away  from 
}ie  shaft;    whereas  in  other  holes  the  bits  get  into 
!ie  vertical  .so  quickly  that  the  holes  remain  close 
■>  the  sides  of  the  shaft,  the   unfavourable  results 
Iready  mentioned   ensuing. 
In  all  cases,  the  deviation  of  the  holes  from  the 
ertical    must   be   carefully   measured    with    reliable 
:istruments,    in   order   to   obtain    a    proper    idea   of 
he  thickness  of   the   fro.st    wall.     Even   if   some  of 

•  he   holes   are   so   far  out   of   true   as   to   be   useless 

ith  a  small  supply  of  refrigerating  material  and 
Moderate  freezing  temperature,  they  may  still  be 
itilised  for  the  process  by  increasing  tlie  supply 
od  lowering  the  temperature.     Those  that   are  too 

•  ir  out  of  line  cannot  be  renlaced  by  supplemen- 
irv  holes  from  inside  the  .shaft,  as  the  shaft  is 
nder  water:  whilst  the  .shaft  cannot  be  pumped 
lit,  because  the  boreholes  already  sunk  afford  com- 

unication  between  the  water-bearing  zone  and  the 
haft  iti5elf.  It  is  true  that  supplementary  bore- 
oles  can  be  put  down  from  the  surface,  but  their 
Erection  is  a  matter  of  chance,  and  they  mav  oven 


connect   with  the  good  holes  already   sunk,   so  that" 
more  harm  than  good  results. 

For  the  reasons  given  above,  the  largest  possible 
number  of  boreholes  should  be  put  down  from  the 
start,  for  then,  even  if  some  of  them  should  prove 
useless,  there  is  the  hope  that,  with  good  freezing 
plant  and  the  maintenance  of  a  low  temperature,  a 
complete  frost  wall  will  be  obtained.  On  this  ac- 
count, a  carbonic  acid  plant  is  preferable  to  the 
ammonia  system,  by  reason  of  the  lower  tempera- 
ture that  can  be  produced  ;  and  the  plant  should 
have  a  capacity  of  1^  million  calories  per  hour. 

Sinking   the   shaft   from   400   yards   to   500   yards 

will   take   about   28   months,    divided   as   follows  : — 

Widening   the   shaft    conically,    one   month  ;    setting 

up  the  stand  pipes,  fixing  the  casing,  and  partially 

filling  up  the  widened  space  with  sand  or  concrete, 

if  necessary,  throe  months  ;    jmtting  down  and  test- 

I    ing   the   boreholes,    and   installing   the    refrigerating 

:    and   down   pipes,    six   months ;    freezing,   up   to   the 

'    time  of  commencing  the  sinking  (assuming  that  the 

wet    zone    contains    no    saline    liquors    or    flowing 

w^ater),    four    months ;    net    time    of    sinking,    eight 

months:    drawing  the  casings  (down  to  400  yards), 

and  lining  the   widened   portion  of   the   shaft,    four 

months ;    and     caulking     the     tubbing     rings,     two 

months. 

Experience  has,  however,  shown  that  this  calcu- 
lated minimum  time  is  always  exceeded  in  practice, 
there  being  always  at  least  one  stoppage  of  work 
through  inrushes  of  water.  If  there  is  no  breakage 
of  the  freezing  pipes,  the  damage  can  be  made  good 
in  about  six  months  :  but  if  the  brine  escapes  into 
the  surrounding  rock,  the  stoppage  may  last  for 
years.  Some  experts  even  reckon  on  12  months  as 
the  minimum  for  repair  after  a  small  inrush  of 
water,  because  there  is  almost  always  supplemen- 
tary damage  to  be  made  good. 

The  sinking  proceeds  as  in  the  ordinary  congela- 
tion process,  but  with  great  care,  owing  to  the 
fact  that  the  boreholes  are  close  to  the  shaft,  so 
that  "the  frost  wall  is  not  very  strong.  It  is  advis- 
able to  follow  up  the  sinking  by  tubbing  as  quickly 
as  possible,  time  being  saved,  as  in  the  case  of  the 
Borth  shafts  of  the  Solvay-Werke,  by  putting  in 
temporary   tubbings. 

The  cost  of  sinking  per  yard  run  fluctuates  very 
considerably,  depending  on  the  nature  and  tempera- 
ture of  the  rock  and  the  presence  of  saline  or  flow- 
ing water :  and,  of  course,  the  total  efficiency  of 
the  refrigerating  plant  and  the  cost  per  ton  of 
steam  or  kilowatt-hour  form  an  important  factor. 
In  order  to  maintain  the  efficiency  of  the  refiigerat- 
ing  plant  at  the  maximum,  accurate  measuring  in- 
struments should  be  provided,  to  enable  the  pro- 
gress of  the  work  to  be  followed  closely.  Apart 
from  the  usual  pressure  gauges  and  thermometers, 
it  is  advisable  to  instal  self-registering  stean. 
meters  and  thermometers  at  each  engine,  with  ther- 
mometers and  self-registering  liquid  meters  in  the 
path  of  the  cooling  water  and   brine. 

The  loss  that  may  be  sustained  through  unecono- 
mical working  of  the  engines  may  be  gathered  from 
the  following  calculation  :  The  (condensing) 
engines  of  two  refrigerating  plants  for  800  horse- 
power per  hour  should  have  consumed  13^  and  22 
lb.  of  steam  per  horsepower  hour.  In  the  case  of 
the  second  one,  the  excess  consumption  in  a  ru' 
of  18  months  was  41g  tons  of  steam,  equivalent  to 
over  £-5,000,  or  £50  per  yard  of  shaft  sunk. 
I  Similar  losses  are  experienced  when  the  cooling 
water  available  is  too   warm   and   in   short   supply. 
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A  CO.  plant,  with  ii  capacity  of  1^  millii)ii  heat 
units  per  Imur  and  a  va|)i>ri.ser  tenipeiatun-  of  -"25° 
(".,  has,  in  one  case,  an  ample  .supply  <if  cunlinn 
water  at  10°  C,  and  in  the  other  a  deficit  supply 
at  "20°  ('.  In  the  former  case,  with  a  nrcssure  of 
;>  =  ()0  atmospheres  in  the  c-omlenser,  and  the  plant 
running  witliuut  waste,  the  out|)ut  will  he  ■.',47J 
heat  units  per  horse-jxiwor  liuiir,  whilst  in  the  other 
the  values  will  be  80  atmospheics  and  only  1,.j"H 
heat  units.  If  the  conipre.s.sor  in  Imth  cases  has  an 
efficiency  of  HO",,,  the  output  per  horse-power  hour 
in  the  former  is  about  1.708  heat  units,  but  in  the 
l.Ttter  only  l.'JG".'  heat  units.  To  produce  1^  million 
heat  units  per  hour,  the  fir.st  engine  must  develoi 
1.188  luirse-i)ower  ;  that  is  to  .say.  the  plant  would 
re(]uire  to  be  430  horsepower  hour  laruer,  which, 
in  IS  months,  would  mean  an  increased  steam  con- 
sumption of  00.728  tons,  ecpial  to  almut  £7.200.  or 
£72   per  yard   sunk. 

As  regards  the  question  whether  steim  or  clec 
tricity  is  preferable  as  motive  power,  the  refrinerat- 
ing  )>lant  recpiires  about  633  kw.  per  hour,  assum- 
ing the  polyphase  motors  have  an  efficiency  of  93^',,. 
.At  id.  per  unit,  this  wruld  cost  about  17s.  Od..  for 
which  i)rice  6|  tons  of  steam  could  be  generated. 
To  give  the  same  efficiency,  a  steam  engine  would 
consume  18i  lb.  of  steam  per  horse  jiower  hour. 
With  ])urchased  current  at  ^d.  per  unit.  603  kw. 
liours  would  be  required  (to  allow  for  transformer 
losses),  at  a  cost  of  32s.  Sd..  for  wiiidi  about  12^ 
tons  of  steam  could  be  raised.  In  this  latter  case, 
the  steam  engine  could  consume  342  lb.  of  steam 
per  horse-power  hour.  Since  steam  engines  are 
now  constructed  that  do  not  consume  more  than 
11  lb.  of  steam  per  horse-power  hour,  includinsz 
condensation,  steam  is  the  more  economical  in 
either  case. 

The  following  data  has  been  compiled  of  the  cost 
of  sinking  by  the  congelation  process  in  stages. 
The  hrst  estimate  is  based  on  a  sinking  time  of  34 
months  to  completion,  including  a  stoppige  of  six 
months.  Labour  is  out  down  at  an  average  of 
.IS.  6d.  per  shift.  The  number  of  men  averages 
115,  working  an  aggregate  of  106.300  shifts,  and  17 
men  will  be  required  to  dismount  ?nd  despatch 
the  machinery  at  the  end  of  the  work  The  time 
reouired  for  the  ])reliminarv  work  of  sinking  is 
taken  as  four  months,  making  a  total  of  108,000 
shifts,   costing   £29,700. 

Estimaff    I. 
\.  Refrigerating   plant  :  £ 

1.  Interest  and  depreciation  on  capital  out 

outlay  of  £18,750,   spread  over  four 

years  =  38-5°o        ~ --^^ 

2.  Refrigerating  house  and  engine  founda- 

tions.   £1.000:    depreciation    80<^      ...  800 

3.  Materials  for  freezing,  at  £2  per  diem. 

for    28   months  2.100 

4.  fooling  water,   1,300  gallons  per  minute         2.340 

B.     Drilling   32   boreholes  : 

1.  Foundations    for    winches    and    flushiiig 

pumps 

2.  Alteration   to   sinking   derrick 

3.  Refrigerating    pipes — presumably    aban- 

doned— about      120     yards     to     each 
hole,    at   10s.   6d.    per  yard   ... 

4.  Depreciation  on  recovered,  but  damaged 

freezing,   borehole,  and   down   pipes  : 
60°o    on    £22.000  

5.  Secu'-in?  borehole   casing   to  shaft   wall, 

10  straps  for  each   set.   at   10s. 
"6.    Dep'pi^i^tinn.    uokeeo.     ■'nd     interest    on 
drilling  plant,   including  requisites... 


50 
50 


2.000 

13.200 

160 

2.500 


SalurieK   and    wages  : 
1.    Wagc'H  £2't.7uo 

2.   .Salaries  :    tlir^  for  llirec  yeHrn. 

at  an  av»i  .  ..f  £180,  includ 

ing    bonufic.'-,    m.-uiant »•«,   etc.  5,10(1 

D.     Steam  couNumption  at  2b.    7d.   per 
ton  : 

1.  For    refrigerating    plant      .      tons  02,208 

2.  For    brine    jiumpH  tons    9,072 

3.  For    the    winches    and    flunh- 

ing    pumps  ...  ton.^  n.ftft** 


E.  Tools,   light.   timliiT,   boimg   touit-,   ^-x 

plosives,    allowance    for   men'H   cloth- 
ing, etc.,  at  £25  per  yard  sunk     ...         2,50(i 

F.  Carriage     both     ways     on     machinery, 

tools,    etc.  ."  '  1.500 

Total  !-■ 

According  to  thi.s  estimate,  the  cost  of  sinking  m 
34  month.s  averages  £805  per  yard. 

The  following  estimate  is  based  on  the  sinkinv; 
taking  40  months,  and  on  the  rate  of  wages  [ler 
shift  being  6s.  6d. — this  latter  sum  being  con 
sidercd  more  in  accordance  with  the  conditions  iti 
indu.-;tr  i.il    di.^tricts  : 

E'tiniatr    //. 


A.  Refrigerating    plant 

Additional     materials     for    the    e.xtra    six 

months       

Extra  consumption  of  cooling  water 

B.  Sinking    the    boreholes 

C.  Salaries  and   wages  : 

Wages,    108.000   shifts  at   6s.    Gd.    . 
Plus,   for  the  extra   six   months 
Sunday    work.    20    freezers    ... 
Salaries,    3^    years 

D.  Steam  consumption,  34   months 
Additional   23,760   tons   for   the   refrigerat- 
ing   plant  ..  

E.  Materials   for   sinking       ...         

F.  Carriage,   including  £150  for  the  extra 

six    months 


12.440 


45(» 
7so 


5,6»o 

190 

r,..300 

11.000 

3.080 
2,500 

1 .650 


Total   ..  £97.0.50 

(or  £970  per  yard  sunk). 

In  neither  estimate  is  any  allowance  made  for 
profit,  nor  for  any  percentage  of  the  co.st  of  the 
general  machinery  and  appliances  concerned  in  the 
sinking,  such  as  raising  rock,  sinking  apparatus 
and  engines,  derrick,  wear  of  winding  ropes,  venti- 
lation, drilling  machinery,  sinking  stages,  etc.,  or 
steam  consumption  of  the  sinking  engine,  stage 
winch,  and  fans.  The  consumption  by  these 
machines  is  approximately  equal  to  that  in  shaft 
boring,  so  that  it  need  not  be  taken  into  considera- 
tion. 

The  cost  of  steam  was  calculated  on  a  consuniu- 
tion  of  13a  lb.  per  horse-power  hour  by  the  main 
engine,  77  lb.  per  horse-power  hour  by  the  brin? 
pumps,  and  66  lb.  per  horse-power  hour  by  the 
drilling  machinery.  Nevertheless,  under  less 
favourable  conditions,  the  cost  per  yard  incre-ises 
very  quickly,  and  may.  in  exceptional  cashes,  where 
the  sinking  takes  much  more  than  40  months, 
amount  to  £1,250  and  more  per  yard. 

The  value  of  the  final  tubbing  is  not  included  in 
either  estimate.  This  tubbing  is  generally  iiitr  r 
duced  in  short  lengths,  and  frequently  suffers  nw 
ing  the  subsequent  thawing  out,   which  is  effected. 
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almost  entirely,  by  the  natural  heat  of  the  ground. 
Artificial  thawing,  which  has  proved  the  only 
correct  method  in  other  cases,  is  Inapplicable  with 
the  system  under  consideration,  because  the  freez- 
ing pipes  are  dismounted  on  lining  the  widened 
portion  of  the  shaft.  All  that  could  be  done  in 
the  matter  of  artificial  thawing  would  be  to  assist 
the  natural  process  from  inside  the  shaft. 

Injury  to  the  tubbings  is  liable  to  occur  during 
natural  thawing,  on  account  of  the  forces  released, 
and  in  respect  of  whose  dimensions,  direction,  and 
points  of  application  there  cannot  be  anything  but 
surmise  beforehand.  Moreover,  should  any  con- 
siderable injury  occur  to  the  tubbing,  it  is  im- 
possible to  replace  the  damaged  portion,  because 
the  shaft  cannot  be  re-frozen.  In  extreme  cases, 
a  second  ring  of  tubbing  must  be  inserted,  inside 
the  first — a  proceeding  which  will  reduce  the  dia- 
meter of  the  shaft  to  17  ft.  to  hS  ft.,  and  at  the 
same  time  dissipate  the  only  advantage  the  con- 
gelation process  has  over  the  boring  process,  whilst 
also  increasing  the  cost  very  largely,  the  inner 
cylinder  of  tubbing  being  very   expensive. 

In  the  most  favourable  circumstances,  the  sink- 
ing of  a  shaft  more  than  sinking  through  dry 
ground,  and  the  cost  is  only  a  few  pounds  per 
yard  more.  On  the  other  hand,  in  the  worst 
imaginable  case,  the  sinking  may  turn  out  a  failure 
after  the  work  has  sone  on  for  years  at  enormous 
exoense.  In  hand  sinking,  with  an  influx  of  2,200 
gallons  (3.300  gallons)  per  minute,  and  raising  the 
water  in  buckets,  the  time  reriuired  will  take  17 
(27)  months  per  iW  yards,  and  cost  about  £800 
per  yard  method  not  practised),  as  compared  w-ith 
only  about  £-500  (£8-50^  for  electrrc  pumping  with 
generated  current,  and  £640  (£1.100)  with  pur- 
chased current.  Shaft  boring  with  the  Stockfisch 
or  Deutscher  Kaiser  methods  takes  39  months,  and 
costs  £3.50  per  yard  ;  whilst  carrvinn;  out  the  con- 
gelation process  in  stages  takes  34  to  40  months, 
at  a  cost  of  about  £800  to  £970  per  yard,  though 
in  specially  difficult  cases  the  time  may  be  in 
creased  very  considerablv,  and  the  cost  to  over 
£1.200  per  "yard. 

Riilc^  for  Sinking/   T/irowih    Vf-rij    Wet    Ground 
at   Great   Deutlt. 

1.  On  approaching  a  wet  zone  of  unknown  water 
content,  this  zone  should  be  proved  by  advance 
borings. 

2.  Unless  the  cementation  process  is  practically 
sure  to  be  a  failure  in  the  wet  ground,  this  process 
should   certainly  be   given   a  trial. 

3.  In  the  event  of  failure,  an  approximate  esti- 
mate of  the  influx  of  water  should  be  obtained  by 
means    of    the    cementation    boreholes. 

4.  If  the  influx  does  not  exceed  about  2,200 
gallons  per  minute,  the  quickest  method  of  sinking 
is  by  baling  out  the  water  ^vith  bucket  apparatus, 
the  higher  cost  in  compari.son  with  boring  being 
small  in  view  of  the  saving  of  nearly  two  years  in 
time,    provided    generated    current    is    available. 

{n)  If  the  incoming  water  is  not  too  highly  con- 
taminated,   electric    pumps    alone    should    be    used. 

(6)  In  such  ca.se,  a  power  house  should  be 
erected    in   good    time. 

(r)  Where  current  has  to  be  purth.ased,  the  deci- 
sive factor  will  be  whether  the  two  years'  saving 
in  time  is  of  sufficient  importance  to  counter- 
balance the  higher  cost — some  £29,000— as  com- 
pared  with  boring. 

(d)  Where    the    water    is    very    dirty,    centrifugal 


pumps  are  inadvisable,  as  the  blades  are  sub- 
jected to  very  raoid  wear  by  sand,  and  the  fre- 
quent stoppages  for  repairs  delay  the  completion 
of  the  shaft  by  many  months.  Whether,  in  sucii 
event,  the  saving  in  time  effected  arLCues  in  favour 
of  baling  mu.st  be  decided  from  tin-  actual  state 
of  the  case. 

5.  When  there  is  a  c'oiitinunus  influx  of,  say. 
3,000  gallons  per  minute,  the  Stockfisch  or  Deut- 
scher Kaiser  boring  metliod  will  bo  decidedly  the 
most  economical  method,  the  incrca.<;cd  time  entail- 
ed being  immaterial  in  comparison  with  the  cost  of 
raising   this   amount   of   water. 

6.  Only  when  the  rock  is  very  steeply  pitched  or 
very  hard,  and  the  water  comes  in  quicker  than 
about  3,000  gallons  per  minute,  should  the  refri- 
geration process,  by  stages,  be  adopted.  If  this 
process  be  employed,  then  the  following  points 
should   be  borne   in   mind  : — 

(n)  The  lower  diameter  of  the  widened  portion 
'of  the  shaft  should  be  large  enough  to  ensure  the 
formation  of  a  sufficiently  thick  frost  wall  in  the 
upper  part  of  the  wet  zone  ?s  well;  and  -  the 
widened  portion  should  be  of  ample  length.  Given 
the.se  conditions,  the  stand  pipes  can  be  set  at  an 
angle  which  will  ensure  the  boreholes  being  not 
too  far  away  from  the  shaft  in  the  lower  portion 
of  the  water  zone. 

(h)  The  boreholes  should  be  sufficient  in  number 
to  ensure  that  a  good  frost  wall  will  be  obtained 
even  if  some  of  the  holes  turn  nut  unfavourably  in 
point   of   direction. 

(r)  The  refrigerating  plant  .should  be  of  ample 
capacity  for  the   maintenance  of   low  temperatures. 

(d)  The  refrigerating  plant  should  be  run  so  as 
to  maintain  the  maximum  efficiency,  for  which 
purpose  an  abundant  supply  of  cooling  water,  at 
the  lowest  possible  temperature,  should  be  avail- 
able. 

(')  The  sinking  must  be  conducted  with  the 
greatest  care.  The  shaft  must  be  lined  with  tub- 
bings,   either    temporary    or    permanent. 

Conclu-<ion?.  —  There  seems  little  prospect  of 
effecting  improvement,  from  the  economic  point  of 
view,  in  either  the  pumping  method  or  that  of 
congelation  by  stages,  both  having  already  reached 
a  high  stage  of  technical  development.  It  is  there- 
fore improbable  that,  in  either  case,  sinking  can 
be  effected  more  quickly  than  has  been  stated 
above.  Moreover,  any  further  improvement  in  the 
total  efficiency  of  the  centrifugal  pump  will  not  do 
more  than  slightly  reduce  the  cost  of  pumping ; 
nor  is  any  appreciable  cheapening  of  the  congela- 
tion process  to  be  anticipated.  The  only  point  in 
which  any  great  saving  could  be  wrought  about  is 
in  reducing  the  chances  of  the  water  breaking 
through. 

On  the  other  hand,  the  high  speed,  water  flush, 
percussion  method  had  considerable  prospects  of 
development,  in  both  technical  and  economic 
respects,  and  it  is  therefore  probable  that  the 
average  monthly  rate  of  sinking  can  be  increased 
to  21  ft.  or  more  in  medium  hard  rock.  The  adop- 
tion of  a  rod-changing  machine  would  also  reduce 
the  number  of  men  recjuired  on  the  boring  plant 
very  considerably. 

If  this  method  v.-ere  mure  frequently  employed 
in  shaft  sinking  through  deep  wet  zones,  there 
would  be  a  greater  chance  of  improvements  being 
introduced  on  the  basis  of  the  expeiience  gained." 
— H.  MuLLER.  Gliirkmif. — GoUicni  GiKirdifiii,  Sept.. 
28,    1917,   p.    593.      (E.    M.    W.) 
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THE    MANUFACTURE   OF   CRUDE 

SODIUM    MAXGAXATE    FOR    USE    ON 

THE    MIXES. 


By  F.  \V.\hti:n\vkiler  (Member  of  Council) 
( Printed  in  Journal,  Januanj,   1918  J 


IClU'LV   TO   DISCUSSION, 


No.  2. 

FurtluT  L'xperieiici'  in  mamii...  i  n..  mis 
brou^'lit  rortli  no  important  devclopmfnt 
sinct'  tlif  paper  was  written.  Tlio  necessity 
of  giving  the  reaction  sutticient  time  has 
been  regularly  continued.  TJie  interposi- 
tion of  a  sheet  of  paper  between  the  hearth 
of  the  furnace  and  the  charge,  has  been  of 
practical     advantage      in      preventing      the 

freezing  "  of  the  manganate  to  the  bric^k 
of  tlie  hearth. 


Mr.  r.  Wartenweiler  (Member  of  Coun- 
ril):  Replying  to  (jueries  by  Mr.  F.  \V. 
Watson: — The  cost  of  the  manganate  has 
varied  considerably  with  the  change  in  the 
price  of'  the  raw  materials,  pyrolusite  and 
caustic  soda.  Of  these,  the  latter  has  been 
advancing  at  such  a  rapid  rate  that  it  is 
ditlrtcult  to  state  the  cost  of  manufacture. 
Having  the  ratio  of  r.uv  materials  before 
him  (one  part  by  weight  of  40^'  Mn  ore  to 
lAi  parts  caustic  soda)  and  their  price,  the 
reader  can,  however,  api)roximate  the  cost 
of  the  manganate,  as  the  labour  and  fuel 
charges  involved  are  comparatively  small. 
The  40%  :\In  ore  used  is  pyrolusite  of  63-28°/ 
MnO.,  content.  The  caustic  soda  (commer- 
cial 98-0n%)  contains  91 -SV  NaOH.  The 
use  of  quicklime  and  sodium  carbonate,  as 
suggested,  in  the  place  of  caustic  soda,  was 
vnisuccessfully  experimented  with.  The 
limited  time  at  our  disposal  for  such  expei'i- 
nieiits  did  not  pennit  extensive  investiga- 
tion. 

Mr.  -Tolni  Watson's  reference  to  the  early 
use  of  manganate  in  oxidising  London 
sewage  in  the  river  Thames  is  of  consider- 
able interest.  In  the  analysis  of  caustic 
soda  given  by  him,  the  98-8V  NaOH  content 
agrees  rougldv  witli  tliat  o!  the  caustic  soda 
used. 

Mr.  Galbreath  was  engaged  in  our  early 
trials  on  the  sodium  manganate  manufac- 
ture, and  the  method  of  analysis  suggested 
hy  him  is  the  result  of  experience. 


THK    ESTIMATIOX     oK    IX-irUlol'S 

DUST    IX     MINE    AlK     HV    THK     KOTZi-: 

KOXI.MKTKli. 


By    John    Innes    (Associate). 


( I'vinied  in  Journal,   March,  191S.) 


DISCUSSION. 

Dr.  J.  Moir  (Past-Prrsidcni /:  The 
question  raised  by  Mr.  E.  M.  Weston  as 
to  what  is  the  limit  of  size  in  dust  beyond 
which  it  becomes  innocuous  is  so  impf)rtant 
that  I  feel  I  must  intervene  before  the  dis- 
cussion closes.  I  think  that  Mr.  Weston 
has  been  misled  in  his  reading  of  the 
three  paragraphs  from  the  Prevention  Com- 
mittee's Report,  which  he  quotes  on  p.  804 
of  the  June  Journal.  Of  these  three  the 
middle  one,  appendix  8,  appears  at  first 
glance  to  be  inconsistent  witii  the  other  two, 
but  the  fact  is  that  it  is  not  so,  for  the  use 
of  polarised  light  on  sections  mounted  in 
balsam  renders  at  least  99i-  of  the  particles 
invisible.  Consequently  Pitchford's  obser- 
vation of  18'  of  particles  over  eight 
microns,  when  duly  corrected  for  the  in- 
visible silica,  comes  down  to  less  than  0"1  , 
and  the  three  independent  observations  of 
McCrae,  Pitchford  and  Moir  are  all  in  prac- 
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tical  agreement.     This  proportion  t)f  largish 
particles  in  niv  oj>iniun  is  insignificant  as  a 
praotical   ctiusal   factor   in   the   disease,   and 
therefore  Mr.  Innes  is  quite  justified  in  call- 
ing the  opposite  view  au  "'  academic  "  one. 
I      wish      also      to      protest      against      Mr. 
Weston's    iniuiendo    that     tlie    lung    which 
I    examined    was    abnormal    in    regard    to 
dust    c-.UKents :       it    gave    as    a    matter    of 
tact  much  the  same  results  as  Dr.   McCrae 
got  from  a  different  specimen  several   \ears 
earlier,     vi/.,    about    oO'      of    the    particles 
were  of  1  micron  or  less  diameter,  90%  were 
of  2  micron  or  less  diameter.  00%  were  of. 
4  micron  or  less  diameter,  and  90*0;")%  were 
of  diameter  less  than  8  microns.     It  there- 
fore   passes    my    comprehension    how    Mr. 
Weston  can  ascribe  any  effect  to  the  balance 
of  0-0")    .   which   is  larger  than   8  microns, 
especially  when  he  is  unable  to  produce  any 
positive  evidence  that  such  larger  particles 
ever   escape    the    protective    devices   of    the 
i>ody    and    enter    the    lungs    proper    in    any 
number.        Mr.    We.-;ron   does   not   seem   to 
realise   that    Pitchford   and   I   examined  the 
lungs  not  only  of  those  who  died  of  miner's 
phthisis,  but  also  of  some  who  died  of  acci- 
dent, and  therefore  had  no  time  to  get  rid 
of  his  supposed  excess  of  larger  particles  by 
nature's   methods,    and   tha:    there    was   no 
more  than  O'D')"     of  such  particles  even  in 
■' c-arly    silicosis."*        T     begin    to    wonder 
wliether  Mr.   Weston   realise.^  what   a   very 
small  fraction  O'O')' '  is — does  lie  realise  tliat 
he  could  put  O'O'r    of  arsenic  or  cyanide  in 
his   sugar   and   yet    survive,    as   this   would 
mean  a'oout  1/20  gr.  for  every  j  oz.  of  sugar. 
Finally,  I  wish  to  make  it  quite  clear  that 
I  do  not  assert  that  dust  between  5  and  10 
microns    diameter    is    hannless ;       what     I 
think  is  that  dust  ahovr  10  or  12  microns  is 
re  illy   harmless,   and   tliat   dust    between   5 
and  10  microns  is  harmful,  but  is  not  worth 
considering  in  view  of  its  low  proportion  in 
mine  air;    and  to  say  that  it  is  "  not  worth 
considering  "   is  much   tlie   same   as  saying 
that  it  is  '■  academic." 

I  may  say  also  that  I  think  Mr.  Weston 
hns  encountered  another  fallacv  wlien  he 
infers  (p.  274)  that  with  a  small  variability 
of  the  proportion  of  "  dangerous  "  dust  ^Ir. 
Innes  is  wrong  in  thinking  the  gravimetric 
method  useless.  1  myself  also  consider  the 
r'hamber  of  Mines'  cravimetric  method 
n.early  useless,  but  this  is  because  their 
gravimetric  method  catches  really  large 
particles     up     to     nearly     50     microns     in 

•Wa»>in»  T>if^hford  *  Moir :  Rulletin  No.  7  of  the  F.  A. 
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(llami'ter.  of  which  10  weigh  as  much  as 
1,000.000  of  the  1  micron  ])articles.  If  the 
Cliamber  of  Mines  woidd  adopt  a  gravi- 
metric method  whicli  would  eliminate  every- 
tliing  above  10  microns,  iiicn  I  sliould  con- 
sider their  I'esults  to  be  as  gocxl  as  those 
of  the  konimeter. 


ASSAY    SUPPLIES    AMJ>     i  HE 

UTILISATION     OF     SOUTH     AFKICAX 

MATERIALS    IX    ASSAY    OFFICES. 


DISCUSSION. 

Mr.  T.  Graham  Martyn  (Member):  I 
wish  to  relate  in  this  contribution  my 
experiences  and  conclusions  on  the  subject 
under  discussion. 

Cupels. — I  only  ventured  recently  to  try 
cement  bottoms  for  cupels,  as  I  was  told 
a  good  while  ago  that  they  were  not  alto- 
gether a  success,  and  did  not  care  to  dis- 
turb the  office  routine  by  trying  something 
not  too  well  reported  on  by  others,  besides, 
being  rather  dubious  as  to  their  capacity 
for  absorbing  a  normal  amount  of  lead.  A 
few  months  since,  however,  our  consulting 
metallurgist  requested  that  a  trial  be  made, 
and  I  may  say  at  once  I  think  the  result  is 
quite  satisfactory.  It  did  not  call  for  any 
serious  change  in  the  method  of  manufac- 
ture, as  we  have  for  some  years  past  been 
giving  the  mould  a  second  filling  as  other- 
wise our  cupels  were  too  shallow. 

The  machine  used  is  Braun's  table 
■pattern  with  automatic  feed  hopper,  and 
in  order  to  make  the  compound  cupel  the 
hopper  is  filled  with  suitably  moistened 
cement  and  a  tin  of  moistened  cu])ellite  is 
placed  on  the  left  of  the  operator,  who 
rotates  the  disc  sufficiently  to  bring  a 
mould  full  of  cement  under  tlie  ])lunger, 
presses  it  moderately,  raises  the  plunger, 
fills  the  top  of  the  "^mould  with  cupellite, 
and  after  pressing  as  hard  as  possible  ejects 
the  cupel  as  usual.  It  will  be  noted  that 
we  get  the  smooth  pressed  surface  between 
the  cement  and  the  cupellite  which  Mr. 
Watson  seems  to  have  found  a  source  of 
trouble,  but  the  cupels  are  quite  satisfac- 
tory and  the  economy  achieved  is  very  con- 
siderable. These  cupels  are  cylindrical,  and 
the  cupellite  is  pressed  straight  down  on 
the  partially  pressed  cement;  it  is  quite 
possible  that  when  making  cupels  of  the 
partially    conical    form    in     two    stages    of 
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))rf>siiic  lli.ir  would  Ix-  iiHM|uulilirs  in  the 
(listrilmt  ion  ot  the  picssnii.  tliiil.  would  lend 
to  imc(|iiMl  sluii)kii<,'i'  ill  diviii;,'  mikI  to  fbiw- 
ili;:    iirniiiul    till'    cdt'i'S    ;i.-i    dcsciil )iil    li\     Mr. 

\V.Mts,.|. 

('iiirihl)s.  My  I'Xpciii'iUH;  uitli  lufiil 
iTiU'ihIcs  lias  not  hci'ii  sncli  tis  lo  jiislily 
me  iti  support  iiij:  the  stati-niciit  tliat  tlu-y 
all'  bt'ttt'i-  than  llic  ones  roiiiicrly  iinpoitcd 
fi'iiii  I'jMj;latid  aiul  (ifnnaiiy;  in  lai't  1 
think  tho  ■■  'J'liroe  Stir  "  i-iucMhlfs  were  the 
most  ii'sistant  to  tcnipiTtitiuv,  fhaiij^f  mid 
f,'old  assay  sla^'  erosion  that  I  i-vcr  tested 
and  were  verv  elosely  run  l)v  the  lialtcrseii 
pots.  If  our  l(K'al  nianufaeturers  eould  oidy 
iii;:na<:e  to  imitate  them  more  eloseiy  in  tlii' 
physii'al  ttxturi'  ot  the  mixture  employed 
they  would  achieve  even  hetter  results  than 
they  have  up  to  the  present.  I'ntil 
recently  at  any  late,  local  makes  have 
shown  a  teiMh'ncy  to  siuhlen  changeK  in 
(piahty.  which  have  at  tiim-s  heeii  very 
annoyiiifj;:  hut  I  have  found  tiie  tjreatest 
uniformity  and  ohtaiiied  the  most  satisfac- 
toiv  results  from  a  l)iand,  which,  whilst 
ma<le  1  judj^e  from  a  clay  of  inferior  cjuality 
to  that  employed  hy  other  malvcrs  and  so 
weak  physically  that  the  pots  will  scarcely 
stand  carriage,  and  the  hoys  at  first  can 
scarcely  ijet  them  in  and  'lut  of  tlie  furnace 
without  lireakins,'  the  »•  lyes,  yet,  owint^  to 
the  coarser  texture  and  more  even  mixing 
and  mouldiiiL;,  last  loiiLjer  on  the  avera£;e 
than  tilt'  more  tiiielv  tjiound  and  stronger 
p.'its.  lots  of  a  tine-ijrained  and  very  liard- 
l)uint  type  I  have  found  the  most  dis- 
appoint ini:  of  all,  fiecpiently  eatinj,'  away 
at  the  bottom  in  dee]i  pishes  and  becoming 
too  thri-ateiiiiii:  for  further  use  after  only 
two  or  three   fusions. 

We  get  an  average  of  fiom  twi-lve  to 
lovirteen  fusions  from  No.  2  pots,  but  by 
trying  a  pot  over  and  over  again  until  it 
failed  I  have  obtained  as  manj'  as  thirty-six 
fusions  from  a  ""  Three  Star  "  and  nearly  as 
many  from  local  makes.  Possibly  one 
could  get  an  average  of  ei.ghteen  or  more 
fusions  per  pot  if  a  pot  were  never  rejected 
until  it  absolutely  failed,  but  one  prefers 
naturally  to  reject  a  pot  that,  looks  p.retty 
bad  ratlier  than  run  the  risk  of  numerous 
repeat  assays.  Seven  years  ago,  when  pots 
were  almost  all  imported  from  overseas, 
questions  of  economy  did  not  loom  so  large 
in  our  minds,  and  we  were  less  inclined  to 
take  risks  for  the  sake  of  saving  a  little  in 
c<;sts,  hence  when  a  pot  had  done  service 
for   four  or  five   times   and   began   to  show 


a  little  corrosion  it  was  pensioned  off  to 
help  iiiake  bonh-js  for  the  beds  of  soiiie- 
body's  garden,  but  when  local  pots  were 
ofh'ied  and  destniclixe  trials  invited,  we 
discovered  thnt  pots  which  uft«-r  three  or 
four  fiisi(tnK  looke<|  about  fiiiisluMl  were 
good  lor  iinolher  tt-n  or  a  <lo/,«ii  trips. 
At  about  the  same  time  some  of  us 
drew  attention  to  the  destructive  effect  on 
pots  of  slags  rich  in  borax,  and  the  latti-r 
has  probabl\  ot  r.'ceiii  years  been  used 
much  more  sparingly  with  corresponding 
advantage  to  the  average  life  of  crucibles. 
.\gain,  till'  pf)ls  get  much  less  severe  testing 
ill  the  leverbeiatoiv  furnaces  now  so  gener- 
ally employed  than  ihi-y  used  to  get  when 
bedded  in  the  fuel  of  the  <dd  Cornish 
furnaces.  I  doubt  if  local  pot.-;  would  stand 
an  average  of  half  a  do/.eii  fusions  in  a 
co.'.v-tired  Cornish   furnace. 

I  havi-  written  .somewhat  at  length  on 
this  subject  lest  the  local  manufacturers 
should  iiol  be  tempted  by  the  testimony 
already  printed  in  our  .Jmini'iJ  to  rest  on 
their  oars  and  n  liiKpiish  their  etTf)rts  tf) 
pioiluci'  with  ceit.iinty  and  regularity  a 
pot  really  ecpial  to  the  "  Three  Star  "  and 
"  Battersea  "  pots;  otherwise  should  the 
latter  ever  have  a  chance  of  competing  in 
prior  they  will  certainly  regain  a  coiisider- 
alile  footing  in  the  district. 

Boru.r  Siihatiiiitc. — The  substitution  of 
fluorspar  for  borax  in  assay  practice  has 
also  jiroved  to  be  boih  a  technical  and  an 
economic  success;  and  as  I  do  not  know 
who  originally  suggested  it,  I  can  without 
bias  express  the  opinion  that  he,  as  well  as 
the  originator  of  cement  bottoms  for  cupels, 
ought  to  be  granted  a  substantial  reward 
by  the  mining  houses. 

When  asked  to  make  a  trial  of  '"fiuxitc," 
having  been  assured  that  others  were  using 
it  successfully,  I  decided  as  a  first  experi- 
ment to  replace  the  whole  of  the  l)orax  by 
the  same  weight  of  fluxite,  and  found  the 
resulting  slag  as  fluid  as  usual  and,  if  any- 
thing, easier  to  separate  from  the  lead 
button.  After  a  few  days,  however,  I 
noticed  that  crucibles  were  being  used  up 
at  a  great  rate,  but  for  the  moment  forgot 
the  change  of  tlux  and  blamed  the  manu- 
facturers of  the  crucibles  for  one  of  the  all 
too  frequent  fluctuations  in  quality.  An 
inspection  of  some  of  the  rejected  pots, 
however,  showed  that  they  were  very 
uniformly  corroded,  and  it  then  dawned  on 
me  that  I  had  not  given  sufficient  considera- 
tion to  the  possible  effect  of  the  fluxite,  in 
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iiiodifving  the  acidity  of  tlie  charge.  I'lie 
lemoval  of  the  borax  would  certainly  leave 
liie  tlux  more  basic,  and  the  question  arose 
would  the  tluorspa'r  be  neutral  or  would  its 
use  also  tend  in  the  same  direction'.'  Text 
!)Ook*  have  told  us  that  tluorspar  improves 
the  fluidity  of  charges  simply  by  admixture 
owing  to  its  own  greater  fusibility,  but  I 
long  since  discarded  that  explanation  as 
fxperiments  with  tluorspar  alone  showed 
that  it  was  by  no  means  easily  fusible,  and 
it  is  much  more  likely  that  it  combines  to 
.onn  tluo-silicates  of  greater  fusibility  than 
iluorspar  itself.  Now,  a  fluo-silicate  con- 
tains a  metallic  tluoi*ide  such  as  fluorspar 
(CaF^)  itself,  combined  witli  silicon  tetra- 
Huoride  (SiF.).  In  the  production  of  the 
latter  silica  (SiO^)  must  be  used  up,  there- 
by increasing  the  basic  character  of  the 
charge  and  the  liberated  oxygen  replacing 
the  fluorine  will  produce  calcium  oxide 
(CaO)  and  thus  act  furtlier  in  the  same 
direction. 

The  kind  of  action  which  I  believe  takes 
place  mav  be  represented  thus: — The 
equation  "'2CaF,  -f  SiO^^SiF^  +  2CaO  sets 
forth  the  simple  exchange  between  fluor- 
■^par  and  silica  for  the  sake  of  clear- 
ness, but  to  each  side  must  be  added 
CaF, -^*2SiO,,  giving  the  result 

"3CaF,  +  3SiO,=CaSiF,,  -f  2CaSiO,. 
Here  tlien  we  have  the  probable  explana- 
tion of  the  corrosion  of  crucibles  and  liners. 
we  have  removed  the  acidic  flux  borax  and 
replaced  it  by  the  basic  flux  fluorspar.  This 
hUo  explains  the  hoibng  over  complained 
of,  as  some  of  the  carbonate  of  soda,  instead 
of  being  decomposed  gradually  b\'  contact 
with  the  free  silica  in  the  charge  during  the 
progress  of  the  fusion  (before  actual  fusion 
and  whilst  the  charge  is  still  somewhat  open 
and  porous  as  is  normally  the  case)  some 
of  the  carbonate  of  soda  I  repeat  remains 
when  the  charge  reactions  are  completed 
and  reacting  with  the  silica  of  the  crucible 
itself  corrodes  it  badly  and  keeps  up  the 
evolution  of  carbon  dioxide  with  consequent 
boiling  over  of  the  charge. 

The  remedy  in  the  case  of  our  assay 
charges,  where  the  ganguc  is  mainly  silica, 
is  obviously  to  reduce  the  amount  of  flux 
employed.  This  I  did  by  about  10'/  with 
immediate  and  complete  success,  thereby 
saving  in  the  soda  carbonate  and  litharge 
more  than  the  cost  of  the  fluxite  employed 
and,  of  course,  saving  in  addition  the  whole 
cost  of  the   borax  foi-merly  used. 

To  intrude  for  a  moment  on  the  domain 
of  the  cyanider,  I  have  been  told  that  the 


attempt  to  use  fluorspar  in  the  smelting  of 
gold  zinc  slime  has  not  been  a  practical 
success  mainly  owing  to  rapid  corrosion  of 
the  liners.  This  case  is  a  little  difl'erent, 
as  the  gangue  is  rather  on  the  basic  side 
and  in  some  cases  at  any  rate  calls  for  the 
addition  of  silica. 

My  suggestion  for  a  further  trial  is  as 
follows: — Take  any  borax  mixture  which  is 
normally  successful  for  the  particular 
sample  of  gold  zinc  slime  and  omitting  all 
the  fused  borax,  replace  each  unit  of  the 
same  by  0*3  units  of  silica  (sand  residue) 
or,  say,  one-third.  Try  in  successive  experi- 
ments varying  proportions  of  fluorspar  or 
fluxite,  but  always  using  in  addition  for  each 
unit  of  fluorspar  a  furtlier  O'TT  units  of 
silica  or,  sa}-,  three-quarters.  If  the  coiTO- 
sion  of  the  liner  is  not  overcome  by  the 
foregoing  formula  a  larger  propoition  of  sand 
should  be  tried. 

Jjitluirge. — A  certain  amount  of  silver-free 
litharge  is  essential  unless  we  are  to  be 
driven  to  the  expedient  of  pai'ting  all  our 
assays,  and  incidentally  doubling  the 
European  staff.  If  litharge  could  be  pro- 
duced locally  containing  silver  in  moderate 
amount  and  evenly  distributed,  one  could 
determine  its  amount  in  a  normal  charge  of 
flux  by  running  a  blank  on  pure  silica  and 
then  deduct  this  amount  from  every  assay 
bead  before  taking  off  the  usual  10%  +  for 
silver  in  the  bullion  ;  but  I  have  too  often 
found  that  when  litharge  carries  more  than 
a  trace  of  silver  the  amount  is  distributed 
very  irregularly^  making  the  above -proce- 
dure impracticable.  As  it  is  quite  unneces- 
sary to  use  silver-free  litharge  when  the 
beads  are  to  be  parted  before  weighing,  care 
should  be  taken  that  the  small  amount  of 
such  litharge  that  is  available  should  be 
fairly  distributed  amongst  the  mines,  and 
should  only  be  used  when  really  necessary-. 

One  rather  hesitates  to  use  commercial 
litharge,  fearing  tlie  presence  of  impurities 
variable  both  as  to  nature  and  amount,  such 
as  barytes,  zinc  oxide,  etc.,  which  in  small 
amounts  would  affect  the  fluxing  of  the 
charges  and  might  call  for  an  alteration  of 
one's  flux  mixture  every  time  a  new  batch 
was  purchased. 

Referring  to  !\lr.  Toombs'  remarks  on 
using  litharge  as  a  flux,  I  certainly  think 
it  desirable  to  allow  a  little  for  the  slag, 
and  his  presumption  that  a  40  gm.  button 
would  be  aimed  at  from  a  5  A.T.  charge 
points  to  an  ai  tempt  at  economising  in 
cupels  and  in  muffle  space  at  the  expense 
of    a    reasonable    allowance    for    the    lead 
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button.  Jifriii;.;i'r  tau-liL  Ua  lu  uiiii  at  :{()() 
gin.  to  40  1,'iu.  for  a  .")()  gm.  i-harj^.i.,  ainl  I 
am  (jiiitc  siilistird  from  my  "i'l  yoars'  i-xperi- 
L'lKT  that  20  gm.  is  ddtujirouslij  loir  for  a 
'2  \.'l\  (or.  roughly,  <)0  gm.)  chargo.  Thi' 
.">  A.T.  rliargf  1  taki-  to  he  for  the  assay  of 
a  shim-  n-siiliu',  and  since  we  are  now-a-tlays 
anxious  to  show  up  every  trace  of  gold  that 
is  |)ossible  it  seems  to  me  that  a  00  gm. 
lead  would  he  (juite  small  enough  to  aim  at 
with,  say,  ')()  gm.  for  the  dangi-r  limit. 
IVrsonally,  1  aim  at  "tO  gm.  to  (10  gm.  for 
a  1  A.T.  residue,  the  tlux  mixture  weighing 
about  10  .\.T.,  and  in  the  ratio  of  six 
parts  by  weight  of  soda  carbonate,  four 
|)arts  litharge  and  one  part  fluxite.  This 
givts  alM)ut  IOC)  gm.  litharge,  of  which  about 
()()  gm.  is  used  up  for  the  lead  button,  leav- 
ing 40  gm.  to  enter  the  slag.  This  could 
be  replaced  by  20  gm.  of  soda  carbonate, 
but  at  tile  expense  of  the  fluidity  of  the  slag 
or  else  a  considerably  higher  temperature, 
prolonged  fusion  and  more  rapid  wastage  of 
crucibles  and  furnace   linings. 

For  the  other  surface  samples  with 
2  \.T.  charges  I  use  about  ">  A.T.  of  the  " 
same  flux  mixture  but  aim  at  a  propor- 
tionately larger  lead,  and  thus  leave  very 
little  litharge  in  the  slag.  For  mine 
samples,  however,  1  use  a  mixture  of  equal 
|)arts  of  soda  carbonate  and  litharge  and 
one-eleventh  of  fluxite  as  before,  thus  allow- 
ing a  wider  margin  for  errors  of  judgment 
in  adding  flour  or  nitre,  getting  a  heavier 
Itutton  instead  of  a  hard  and  sulphury  one  ,' 
if  too  much  flour  or  insuflicient  nitre  has 
been  added. 

Cu}iroufi  Cliloridc  Solittiiui. — In  making 
up  the  cuprous  solution  we,  have,  for  the 
past  seven  years  at  the  New  Unified,  been 
using  cotnniicrcial  hydrochloric  acid  and 
common  salt  as  supplied  to  the  compound. 
Tiiis  necessitates  Altering,  but  as  the  com- 
mercial sul])liate  of  copper  and  sodium  sul- 
phite seldom  give  a  clear  solution  it  is 
idvisable  to  filter  in  any  case.  The  sodium 
-ulphite  is  ilis.solved  in  the  mininuma  of  hot  | 
water  and  filtered  separately,  then  cooled  ' 
and  mixed  cautiously  with  the  acid  solution 
of  copper  sulphate  and  common   salt. 

We  have  not  yet  tried  'Sir.  Toombs'  sug- 
irestion,  to  use  copper  sulphate,  hydro- 
chloric acid  and  scrap  copper  wire  only, 
and  should  be  glad  of  a  statement  from  him 
of  the  quantities  employed.  I  am  surprised 
at  the  inference  that  the  cui)rous  chloride 
can  be  retained  in  solution  without  the  aid 
of  common  salt. 


SUric  .-lc/</.— Would  it  not  be  feasible  for 
the  Hand  Co-operative  Smelting  Works  to 
procure  from  Vereeniging  a  suitable  earthen- 
ware still  and  condenser,  collect  our  weak 
acid  residues,  dilut^'d  probably  to  alxjut 
I  :  ')  at  most  (cure  i)eing  taken  to  keep  the 
water  wash  out  of  the  acid  r»-sidue  jar), 
distil  off  the  excess  water  containing,  of 
course,  a  little  of  the  acid  and  re-sell  to  the 
mines  the  <listillate  of  c<jnstant  compositi^)n 
the  purity  of  which  could  be  guaranteed  if 
care  Were  taken  <jn  the  mines  to  leave  a 
little  silver  behind  in  the  acid,  avoiding  that 
is  the  addition  of  any  trace  in  excess  of  the 
chloride  usetl  in  precipitation.  A  portion 
of  the  weak  distillate  coming  over  at  first 
could  be  used  for  washing  out  the  residual 
silver  nitrate  from  the  still,  these  washings 
being  tested  (after  removal  of  the  silver  as 
chloride)  for  the  possible  jjresence  in  remu- 
nerative (juantities  of  platinum  and  palla- 
dium. Connnercial  nitric  acid  miglit  be 
used  as  "  make  up,"  and  all  the  require- 
ments of  the  assay  ofKces  be  met  by  the 
reduction  works.  A  motor  lorry  fitted  up 
with  glass  carlx>ys  nn'ght  be  employed  to 
traverse  the  Keef,  east  and  west  altemately 
to  collect  and  deliver  the  acid.  It  is 
certainly  a  i)ity  that  such  an  expensive 
article  should  be  wasted  as  it  is  at  present. 

Sodium  Carbinfitc. — The  first  samples  of 
the  local  carbonate  of  soda  which  were  sub- 
mitted to  me  contained  a  rather  large  pro- 
portion of  free  carbonaceous  matter  which 
gave  us  very  large  leads,  a  fault  easily  com- 
pensated for  in- samples  wliicli  call  for  the 
addition  of  flour,  but  very  objectionable  in 
the  case  of  pyritic  samples  which  call  for 
nitre  as  it  is  alwavs  desirable  to  keep  the 
latter  down  as  much  as  possible  owing  to 
its  tendency  to  make  the  charges  boil  over. 
I  pointed  out  that  almost  all  this  impurity 
could  be  removed  by  redissolving  the  sofla 
ash,  filtering  through  a  rough  and  read}' 
filter,  re-evaporating  and  calcining;  and 
that  a  little  higher  price  coidd  be  borne,  if 
needed,  to  pay  for  the  extra  treatment.  I 
do  not  know  if  anything  has  been  done  by 
the  producers,  but  as  we  have  onh*  a  very 
small  proportion  of  pyritic  samples  we  have 
been  using  this  material  without  incon- 
venience for  some  time  past. 

Fuel. — A  little  economy  I  effected  some 
six  years  ago  may  be  worth  recording.  By 
keeping  an  extra  muffle  door  in  use  I  do 
all  the  parting  without  any  cost  for  heat 
either  with  primus  or  other  burner  or  electric 
heater.  A  muffle  door  showing  a  good  red 
heat    over,    sav,    half    its    inner    surface    is 
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K'phiL-t'd  by  the  spare  one  ;iiul  i-anied  iiit 
the  paiiinf,'  i\X)in,  laid  eocder  side  chuvn  r.t. 
a  suitable  iion-coiiduetiii'i  support  and 
propped  up,  if  neeessary.  so  that  the  hot 
side  or  top  is  level.  A  frying-pan,  prefer- 
ably of  aluminium,  is  plaeed  on  it  and  the 
porcelain  crueildi's  as  the  1  :  2  nitric  acid 
is  poure<l  into  them  are  placed  one  after 
the  other  in  a  sj)iral  thi'reon.  i-ommeneing 
on  the  margin  and  j)r()ceediiig  in  clockwise 
direction  towards  the  centre.  A  few 
moments'  pause  after  the  crucibles  are  filled 
and  in  situ  suffices  for  heating  the  acid  and 
beads  are  flattened  and  transferred  to  them 
in  due  order.  When  the  brick  is  a  bit  too 
hot  and  the  action  becomes  violent  the 
frying-pan  is  lifted  for  a  moment  and  three 
little  pieces  of  asbestos  board  placed  on  the 
brick  to  keep  the  frying-pan  from  contact 
with  the  hot  surface.  The  handle  of  the 
frying-pan  should  be  cut  to  a  length  of  about 
"»  in.  and  have  some  asbestos  cord  wound 
round  it  an<l  made  secure  so  that  it  can  be 
easiK-  handled.  When  the  acid  treatment 
is  considered  sufficient,  distilled  water  is 
run  in  preferably  by  syplioning  over  from  a 
Winchester  quart  bottle  placed  on  an  adja- 
cent shelf.  The  slightly  cooled  and  diluted 
acid  is  poured  off ;  the  empty  crucibles  be- 
ing placed  in  tuni  on  the  working  bench 
preferably  on  a  squart-  of  asbestos  board  in 
the  same  spiral  fashion.  Wash  water  is  run 
on  and  again  poured  ctf  and  the  empty 
crucibles  replaced  on  the  fryin<z-pan,  covered 
with  a  large  filter  ])ai)ir  and  left  about  five 
minutes  to  dry,  then  transferred  to  an 
annealing  tray  and  aimealed  in  a  suitable 
muffle,  preferably  one  reserved  for  this 
work,  heated  to  a  fair  red  and  having  the 
slit  at  the  back  closed  to  avoid  drawing 
d'.ist-laden  air  over  the  crucibles. 
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CHEMISTRY. 

A  Rapid  Method  for  the  Determination  of 
Li.ME  AS  CALfTTM  ScLi-HATE. —"After  preci))itatin:^ 
as  CaC,0,,  ignite  in  a  ciutible,  mi.\  the  re.sidue 
with  a  fusion  mi.xture  compo.sed  of  eijual  parts 
(XH,),SO,  and  NH.^'l,  heat  to  change  the  lime 
to  CaSO,.  volatilize  excess  salts  and  weigh  as 
CaSO,.  Perfected  details  given  are  said  to  supply 
results  highly  .satisfactory,  e-sfjeciallv  for  large 
amounts  of  f'a."— L.  (;!  Willis  and  W.  H. 
.MAf  I.VTIRE,  J.  f/ul.  l-'jiifj.  ('hint.,  b,  mi-fi  (1!)17).— 
I'hciiiiral  .lh.'truct.-\  .January  10,  1918,  n  '29. 
(J.  G.) 


TiiK  .■\.sM.v>i>  in  /iM  . — ••  Details  of  a  (juick 
metliiid  for  tlie  analy.-*i.<  of  Zn  alloys.  Dissolve  in 
conceiitratt-d  HNO,,  evaporate  to  one-third  original 
volume,  then  droj)  H^SO,  into  the  centre  of  the 
liquid,  and  heat  until  white  fumes  are  given  off. 
Add  H,()  and  KtOH  -and  allow  to  .stand  several 
hfnirs  until  I'hSD^  has  settled.  Ignite  the  precipi- 
tate in  a  crucilile  which  hiss  just  lieeii  heated  with 
a  drop  of  H.SO,.  Preci|)itate  Cu  as  sulphide  and 
heat  with  S  in  H,  using  a  silica  crucible.  Precipi- 
tate Al  and  Fe  from  the  filtrate  after  removing 
H.S,  by  adding  H,0.^,  and  then  (juickly  a  large 
excess  of  N'H.OH.  Ke  is  estimated  volumetrically 
in  a  separate  poition."—  MftssnAcuEif,  Z.  iiffcntl. 
Chrm.,  2.i,  113-.J  (1917);  J.  C/iciii.  Nor,  /7J,  II., 
^^^.  —  ('heinicdl  ,1  h.^tnirf.^-,  .Januarv  20,  1918, 
p.    12-5.      (J.    O.) 
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Wood  Distu.laiion. — "  The  hard  woods  and  the 
soft  woods  give  differing  results  after  distillation. 
The  first  give  low  yields  of  black,  viscous,  ill- 
smelling  tar  but  high  yields  of  acetic  acid  and 
wood  spirit  (methyl  alcohol).  Two  typical  woods 
may  be  taken  for  e.xajnple,  the  one  hard  the  other 
soft,    and    their    distillation    products    compared. 

Oak  Pine 

Wood.  Wood. 

Per  cent.     Per  cent. 
Acetic    acid 
Equivalent   to  acetate  of  lime. 

Methyl    alcohol      

Tar,   separated 
Charcoal 

The  crude  acid  when  redistilled  and  neutralised 
with  lime  produces  grey  acetate  of  lime  the  value 
of  which  is  at  present  £36  per  ton,  whereas  before 
the  war  it  was  onlv  £8  per  ton.  There  is  a  large 
demand  for  it  for  the  e.xtraction  of  acetone.  Some 
of  it  is  manufactured  in  Ceylon  and  the  Imperial 
Institute,  on  behalf  of  the  Home  ( Joveiiiment,  is 
enquiring  if  any  of  it  is  available  for  e.xport. 
Acetone  is  retjuired  in  large  quantities  for  the 
manufacture  of  propellant  explosives.  Acetic  acid 
is  ])roduced  in  large  quantities  in  Ceylon  and  used 
in  the  preparaticjn  of  rubber.  Cocoanut  shells  when 
distilled  give  a  good  yield  of  acetic  acid  and  pi'o- 
duce  also  creosote  required  for  the  preparatiejii  of 
smoked  rubber.  There  is  also  a  timber  known  as 
\"era  wood  growing  in  the  dry  zone  of  Ceylon  from 
which  is  distilled  crude  acetic  acid  licjuor,  charcoal 
and  tar,  in  fair  quantities.  By  redistilling  the 
crude  liquor,  after  the  addition  of  fresh  charcoal,  a 
pale  yellow,  clear  solution  of  acetic  acid  is  pro- 
duced. Methyl  alcohol  is  the  chief  constituent  of 
the  commercial  product  known  as  wood  alcohol  or 
wood  spirit,  whicli  includes  some  acetone,  esters 
and  other  products.  The  value  of  this  jiroduct  in 
July,  1914,  was  2s.  7d.  per  gallon  but  at  the  close 
of  1916  had  risen  to  5s.  6d.  It  has  already  been 
stated  that  the  distillation  products  of  hard  woods 
and  of  soft  woods  differ  somewhat.  In  considering 
tar  it  must  be  noted  that  hard  wood  tars  cannot 
be  used  for  treating  ropes  and  twine.  Soft  wood 
tars,  on  the  contrary,  such  as  tho.se  obtained  from 
pines  and  coming  on  the  market  under  the  name 
of  Baltic  and  Stockhf)lm  tars,  are  the  ones  suited 
for  this  purpose.  There  is,  in  fact,  not  much 
scope  for  the  use  of  hard  wood  tars  except  in  the 
way  of  fuel.  Black  wattle  wood  and  olive  wood 
were  experimented  on  at  the  Impeiial  Institute, 
Lfindim,  being  obtained  from  the  East  Africa  Pro- 
tectorate,  with  the  following  results  : — 
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It  will  Ik>  soon  tliiit.  takiiii;  tlif  prices  nhtaiii.-ible 
in  .Imio.  liHI.  wliicli  may  be  re^jarded  as  normal, 
hiiili  wattle  W(M)d  and  olive  wood  show  a  slight  ad- 
vaniatie  over  oak  wood,  and  should  tiiercfni-c  be 
at.  least  as  profitable  to  distil. 

I'lattiiaily  the  whole  of  the  imjiorts  of  the  jun- 
diicts  of  wood  distillation  are  retained  in  the 
I'nited  Kint^dom  :  further,  the  only  country,  of 
the  Empire  which  supplies  the  United  Kingdom 
with  aiiv  of  these  products  is  Canada.'"— /;u/;V/;i 
Kn.jiiii,ii„<f,   Feb.   2.   1918.  p.  68.      (.1.   A.    W.) 

STELLiTt  .\s  A  .SrusTiTiTi;  Kou  I'latimm. "Owilli; 

to  the  great  scaicity  uf  jjlatinum  and  its  consequent 
hii;h  price,  platinum  substitutes  liave  been  eagerly 
sought,  particularly  witliin  the  last  three  or  four 
years.  From  what  has  already  l)een  accomplished 
in  this  direction  it  is  evident  that  no  single  metal 
or  c^dnbination  of  metals  will  fully  take  the  jilace 
of  platinum.  The  alloy  of  gold  with  palhuliuiii 
alTords  a  partial  substitute  for  crucil)les  and  dislu-.<. 
and  perhaps  nicjre  nearly  rephices  platinum  in  this 
respc;^t  than  anything  yet  offered.  The  price  of 
this  alloy,  however,  is  cojnparatively  high,  though. 
l)ulk  lor  bulk,  it  is  only  about  half  as  co.stly  as 
platinum.  The  alloy  uf  nickel  witli  chromium, 
the  silicon-iron  alloys,  ar.d  pure  ipiartz  liave  also 
given  satisfactory  results  fur  certain  laboratory 
jmrposes. 

The  stellite  alloys  are  not  fixed  or  definite  in 
their  composition,  but  may  be  divided  broadly  into 
two  classes  :  (1)  those  malleable  at  red  heat,  and 
(2)  those  tiiat  can  be  worked  into  the  desiied 
lorm  only  by  ca.ning.  The  malleable  alloys  are 
composed  almost  entirely  i.f  col^alt  and  chromium, 
and  the  proportion  may  vary  from  10  to  .^O"',, 
of  chromium,  with  a  corresponding  variation 
of    till-    iith.T    idiisiitueiit.     Tliese    allovs    are    very 
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of  the  alloy  exceedH  100,0(»0  pounds  per 
.s(|uare  inch.  The  vessels  retiiiii  their  lustre  under 
[ira<ti(ally  all  iliemical  laboratoiy  conditions.  The 
alloy  al.^io  u'ives  most  e\cellent  results  in  the  form 
.if  lamp  stands,  supporting  rings,  triangle.K,  etc. 
They  <"in  be  heated  lo  full  redne.ss  without  the 
torn'ialion  of  scale,  and  subjected  to  temperatures 
to      1,2(»0'^< '.,     and      still      retain     considerable 
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lellite    alloys    pos.se.ss    the 
of    anv   of   the    allovs   yet 


strength.  In  fact,  the 
highest  ■•  red  hardnebs 
discovered. 

In  many  rases  stellite  may  be  substituted  to 
ureat  advantage  for  platinum  in  jewellery.  It  is 
almost  of  the  .<ame  colour,  pos.se.s.ses  a  higher  lustre, 
and  retains  its  lustre  very  much  better  than  |)lati 
Muni  since  it  is  so  hard  that  it  is  not  .scratched 
or  ai.raded  bv  ordinary  u.se.  While  not  nearly  so 
pliable  as  )>latinum,  it  can  be  worked  int.i  many 
forms  in  jewellery  without  special  difficulty. 
K  Hw-sy-a.—Jo'irii'til  of  Fn/ii/./ln  lii.<t.  (Jininml  /./ 
I'luL   nnd  /•;/('/■   r/M //..),  Jan.,    191S,   p.    154.      (J.W.) 
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to  date  a  large  prujiortioii  of  the  milling  ore  has 
been  mined  from  the  vertical  fissures.  Table  I. 
gives  an   idea   of  the  character  uf  the  ure  • 
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Chalcocite. 

Cu.S 

5o0 

Covellite, 

CuS     . 

1-23 

Bornite,    ( 

'u.FeS, 
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.Malachite 

Cu(  ■( ), 

Cu(OH 
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Dolomite 

CaMg) 
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Metallurgically.  the  ore  may  be  looked  upon  as 
consisting  of  ihaloocite  and  its  oxidation  products, 
malachite  and  azurite,  in  a  gangue  of  gray  lime- 
stone and  dolomite.  (ovellite  and  enargite  are 
found  occasionally,  and  chalcopyrite  and  bornite  are 
present  in  minute  amounts  with  the  other  sulphides. 
The  chalcocite  occurs  chiefly  in  seams  and  bunches 
in  tlie  limestone,  permitting  easy  recovery  by 
coarse  crushing  and  water  comentration.  A  small 
proportion  of  the  chalcocite  occurs  intergrown  with 
calcite.  and  requires  fine  crusiiing  to  liberate  the 
sulphide.  The  occurrence  of  the  other  copper  sul- 
phides is  similar  to  that  of  chalcocite,  and  in  the 
absence  of  any  heavy  gangue  mineral  these  offer  no 
difficulty   in   concentration. 

Malachite  and  azurite  are  found  througliout  the 
mines  as  o.xidation  products  of  the  copper  sulphides. 
The  proportion  of  carbonate  ore  varies  from  10% 
t«>  90%  of  the  total  copper  value  and  for  the  ore 
developed  to  date  has  averaged  36%.  A  general 
decrease  in  the  proportion  of  carbonate  occurs 
with  depth,  although  where  intense  fracturing 
has  permitted  free  water  circulation,  the  pro- 
portion of  carbonate  is  as  high  as  it  is  near  the 
surface.  The  vertical  ure  bodies,  as  a  rule,  contain 
a  much  greater  proportion  of  carbonate  ore  than 
either  the  flat  or  intersection  bodies.  The  rich 
chalcocite  body  of  the  Bonanza  outcrop  is  of  the 
intersection  type,  so  the  condition  arises  of  slight 
K.xidation  on  the  surface  in  comparison  with  that 
found  in  the  open  vertical  fissures  at  a  depth  of 
000  ft.    in   the   Bonanza  mine. 

Calcite  occurs  with  the  ore  minerals  in  small 
amounts  and.  with  limestone  and  dolomite,  forms 
the  gangue.  The  limestone  and  dolomite  occurring 
in  the  ore  bodies  are  slightly  iron-.stained  near  the 
surface,  but  otherwise  are  generally  fresh  and  un- 
altered, even  in  the  centre  of  wide  "ore  bodies. 

Minin'j  and  Milliiitj  Methorlx.—ln  the  mill  the 
ore  is  broken  to  about  4  in.  size  and  hand-sorted 
to  separate  large  pieces  of  sulphide  and  carbonate 
minerals  from  the  leaner  material.  The  remainder 
is  then  further  crushed  for  concentration  on  jigs 
and  tables.  The  coarse-crushing  system  consists  of 
Blake-type  jaw  and  Symons  disc  crushers  with  finer 
grindmg  in  Traylor  rolls.  rVjar.se  concentration  on 
bull,  Harz  and  Hancock  jigs  is  followed  bv  further 
treatment  on  Wilfley  and  .James  sand  tables  and 
James  slimers.  .Sliming  is  avoided  as  much  as  pos- 
sible, since  the  carbonate  contents  of  the  slime  are 
recoverable  with  difficulty  except  in  a  product  too 
low  for  profitable  shipment.  Xinetv-five  to  ninety- 
si.\  per  cent,  of  the  sulphide  and  about  60%  of  the 
carbonate  values  are  recovered  in  the  mill  Part 
of  the  tailing  is  re-treated  in  the  leaching  plant, 
and   the  remainder  .stored   for  future  handling. 

The  reasons  for  experimenting  with  leachinf 
rather  than  .sulphide-filming  and  flotation  as  "a 
further  treatment  of  the  mill  tailing,  were  prim- 
arily the  difference  in  the  concentration  ratio  with 
the  consequent  difference  in  freight  and  treatment 
charges.  By  using  .sulphide-filming  and  flotation 
a  concentrate  greatly  in  exce.ss  of  .30%  f'u  could 
not  be  expected,  while  the  precipitates  from  am- 
monia leaching  approximate  70%  Tu  Ala.skan 
freight  rates  both  rail  and  boat,  are  high,  and 
the  .saving  of  ,0%  product  over  .30%  product  is 
more  marked  there  than  would  be  the  ca.se  in  a 
more   acce.ssible   district. 

The  first  experiments  with  ammonia  leachintr 
were  conducted  by  the  testing  plant  of  the  Federal 
Lead  f  o.  in  Flat  River,  Mo.,  in  the  winter  of  1913- 


14.  These  tests  were  purely  of  a  laboratory 
character,  and  no  attempts  were  made  to  prevent 
the  loss  of  ammonia.  However,  it  was  apparent 
that  Kennecott  ore  would  lend  itself  to  ammonia 
leaching,  as  a  satisfactory  recovery  was  obtained. 
Consequently  a  small  experimental  plant,  consisting 
of  a  leaching  vat,  still,  condenser,  and  storage  vats, 
all  of  the  simplest  character,  but  designed  to  be 
ammonia-tight  and  to  give  results  somewhat  com- 
parable to  those  obtainable  under  actual  operating 
conditions,   was   erected    in   the   summer   of    1914. 

The  experimental  leaching  vat  provided  for  a 
leaching  column  of  5  ft.,  and  ordinarilv  1  ton 
charges  were  leached.  The  ammonia  still,  or,  more 
properly,  evaporator  used  direct  heat  in  the  form 
of  live  steam  to  distill  oft'  the  ammonia  and  precipi- 
tate the  copper  from  the  copper-ammonia  liquors, 
though  occasionally,  in  an  endeavour  to  diminish 
the  volume  of  the  waste  solutions,  indirect  heat 
was  used. 

From  the  series  of  experiments  conducted,  it  was 
concluded  (1)  that,  with  a  heads  assay  of  r2% 
carbonate  copper,  an  extraction  of  75%  of  the 
carbonate  contents  might  be  expected ;  (2)  that, 
since  the  use  of  water  to  wash  the  tailing  would 
prove  impracticable,  due  to  the  fact  that  the 
volume  of  solution  would  be  large  and  that  there- 
fore the  amount  of  solution  to  be  distilled  would 
prove  excessive,  a  steam  wash  would  be  economical 
in  point  of  time,  amount  of  NH,  recovered,  ulti- 
mate volume  of  solution  to  be  distilled,  and 
amount  of  steam  consumed  in  the  entire  process. 
It  was  estimated  that  100  lb.  of  steam  per  ton 
leached  would  be  sufficient  to  wash  the  tailing  to  a 
point  such  that  the  ammonia  retained  in  the  resi- 
dues would  not  exceed  0'2.5  lb.  per  ton  leached  ; 
(3)  that  in  the  distillation  of  copper-ammonia 
liquors  the  steam  used  would  not  be  more  than 
400  lb.  per  ton  leached,  the  ammonia  loss  would 
not  exceed  025  lb.  per  ton  leached,  of  which 
amount  the  greater  portion  would  be  in  a  waste 
liquor  or  boiled-out  solution  assaying  at  a  maximum 
0'03%  NH.,,  and  that  precipitates  assaying  70%, 
Cu  would  be  produced  ;  (4)  that  other  ammonia 
losses  need  not  exceed  0"25  lb.  per  ton  leached  or  a 
total  ammonia  loss  of  075  lb.   per  ton  leached.  . 

Description  of  300-7'on  Plant. — In  view  of  the 
results  obtained  with  the  experimental  apparatus, 
a  plant  to  have  a  daily  capacity  of  300  tons  was 
erected.  The  leaching  vats,  four  in  number  and 
30  ft.  in  diameter,  with  a  leaching  column  15  ft. 
high,  were  designed  with  a  dome-top  capable  of 
withstanding  a  vapour  pressure  of  10  lb.  They 
each  have  a  capacity  of  500  tons  of  mill  tailing  per 
charge.  Before  they  are  charged,  the  tailing  is 
dewatered  and  partially  deslimed.  Were  the 
material  to  be  treated  an  oxide  ore,  such  that  dry 
crushing  could  be  used  in  preparation  for  leaching, 
slime  in  reasonable  amounts  could  be  satisfactorily 
treated  as  there  would  be  less  tendency  for  it  to 
segregate  and  interefere  with  the  leaching  and 
washing  of  the  charges.  For  c'harging  the  vats  a 
revolving  plate  was  provided  to  di.stribute  the  feed 
evenly  over  the  whole  area  and  to  give  a  uniform 
mixture  of  coarse  and  fine  material.  After  wasli- 
ing,  the  tailing  is  removed  from  the  vat  by  a 
mechanical  excavator  thrf)ugh  the  bottom  doors  to 
a  belt  ccmveyor  which  carries  t])em  to  the  dump. 
The  distillation  apparatus  installed  was  of  the 
continuous  type.  It  consisted  of  an  evaporator 
equipped  with  two  salt  filters,  and  surmounted  by  a 
standard    ammonia   concentrator  or  still.  Connected 
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with  tlio  top  of  tlio  still  w.is  the  UHual  coinlciisini;  and 
nlisdibin^  systi-iii  loiniixiii  to  aiiiiiioiiiii  distillatioii. 
'I'lio  (lislillatiiiii  apparatus  was  dcBiiriiod  to  diNtill 
10(1  tons  piM'  '_'!  lioiiis  of  a  soliitioii  assaving  (>",, 
N'M,,  and  to  yield  a  waste  aululioii  containing  not 
more  than  OO.'",,  N  H  ..  The  ahove  volinne  uf  soln 
tion  was  eonsidend  ti>  he  the  inaxinniin  that  wimld 
iiave  to  he  distilled  from  the  leachin'^  of  :{(l(l  tuns 
of    mill    tailinj;    eon^aining    I'J",,    earhonate    enpper. 

In  Maieh,  li)l(),  operation  eomineneeii.  From 
tlie  first  the  expeitations  of  a  satisfaetoiy  extiae- 
tion  of  the  earhonate  eopper  iiave  heiMi  fully 
realised.  Also  the  recovery  of  ammonia  from  tin- 
leached  tailioi;.  iihout  which  some"  uncertainty  was 
felt,  lias  priived  to  he  as  complete  as  the  early  ex 
periments  indicated.  On  the  olli<'r  hand,  ditficul 
ties  only  partially  foreseen  were  encounteri'd  in  the 
distillation  of  the  rich  eopper-ammnnia  liipiors. 
Before  operations  had  conmienced  the  possibility 
of  precipitates  chiijuinL!;  up  sections  of  the  ammonia 
concentrator  had  been  consideied,  hut  seiious 
trouble  was  not  anticipated  as  ammonia  stills  usin^ 
lime  to  break  up  stable  ammonia  salts  are  rey;idaily 
ojierated.  ('louiiinij,  huwever,  of  precipitates  in 
sections  of  the  mill  occurred  as  soon  as  distillation 
commenied.  aci'ompanie'd  by  ini-rustations  of  a  mix- 
ture of  cop{)er  oxidi-  and  caihonate  upon  the  walls 
and  steam  chest  of  the  evaporator.  This  proved 
so  serious  that  sin^jle-stape,  continuous  distillation 
was  replaced  hy  a  two-staije  process,  wherein  the 
primary  operation  reduced  the  rich  solution  from 
■X"-',,  (\\  and  "•.5",',  NH,  to  a  filtrate  assayin>i;  Of",, 
f'u  and  09",,  NH,.  This  filtrate  was  then  re- 
treated in  a  secondary  operation  to  precipitate  the 
balance  of  the  copjier  and  reproduce  a  waste  solu- 
tion  assayinij   0'0'2.5%    XH,. 

After  the  plant  had  been  in  operation  for  some 
months,  experiments  with  the  idea  of  simplifying; 
the  distillation  and  securing  an  economy  in  steam 
consumption  led  to  the  installation  of  an  evaporator 
of  the  periodic  type.  It  is  simpler  in  operation 
and,  as  no  incrustation  takes  place  on  the  walls  or 
heating  coils  in  the  b)ilinj;  chamber,  its  use  avoids 
the  fre(]uent  cleaning  periods  of  the  continuous 
system.  Furthermore,  the  precipitates  pioduced 
are  of  a  higher  copper  content,  and  a  considerable 
steam   economy   has  been   effected. 

Ali'Orption  of  VO.  hij  Litir/iiiiij  Solution. — The 
original  lixiviant  solutions  contained  little  f'O,,  as 
all  ammonia  was  purchased  in  the  form  of  aqua 
ammonia  or  ammonium  hydrate,  but.  due  to  the 
absorption  of  CO,,  they  .soon  became  practically 
aqueous  solutions  of  anmonium  carbonate.  The 
only  objection  thus  far  advanced  to  the  presence  of 
CO;,  is  the  slight  increase  in  time  necessary  to 
secure  a  satisfactory  ?.xtraction  of  the  carbonate 
copper.  To  remove  the  large  amount  of  CO, 
evolved  from  the  circulating  solution  it  has  been 
found  necessary  to  leave  vents  open  in  the  top  of 
the  vat.  The  high  leaching  column  has  proved 
satisfactory,  though  1.3  ft.  is  somewhat  greater  than 
is  ordinarily  used   in   leaching   processes. 

As  a  result  of  a  great  deal  of  experimenting 
during  the  first  months  of  operation,  the  following 
cycle  has  gradually  been  evolved  and  is  the  most 
satisfactory  system  tried   up  to  the  present. 

('/I'liijiiii/  (tiul  l.iiir/iiiiij. — The  dewatered  and 
partially  deslimed  mill  tailing  is  run  into  the  vat 
by  means  of  a  chain-drag  conveyor,  which  extends 
from  the  dewaterers  over  the  top  of  the  vats. 
While  charging,  the  drains  are  left  open  in  the 
bottom  of  the  vat.  allowing  the  water  that  enters 
with   the   tails   to   filter  through   and   escape.        The 


h>aching  solution  is  |)umped  into  the  vat  at  the 
bottom,  and  rises  through  the  charge,  cumnletely 
covering  it.  This  solution  contains  enough  (on 
centrated  ammonia  from  the  Htills  or  from  the 
ammonia  storage  vats  to  dissnlve  the  copper  con 
tained  in  the  charge,  and  is  diluted  or  mixed  with 
enough  ri(  li  cnppei-  ammonia  solution  from  a  pre 
\  ious  leaih  tn  give  the  mixture  sufficient  volume  to 
cover  the  charge.  It  this  case,  the  rich  copper- 
ammonia  soluti(jn  acts  merely  as  a  vehicle  for  the 
'  available  '  nr  uncombined  ammonia  and  anunoriium 
carbonate,  and  is  not  itself  a  solvent.  Its  use  en 
ables  the  charge  to  be  covered  without  introducing 
an  excessive  amount  of  ammonia,  or  any  fresh 
water  to  the  vat,  anri  keeps  the  distilling  solution 
I  i(  h   iu   cof)per. 
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lias    been    tinned    in    i.s    tli.spl.iced 
•  I  rises,  praitieallv  unmixed  with  it. 
to   the   tMf>.      Here  a   certain   anionnt    ean   be   drawn 
off  to  waste  without  losing  any  of  the  leacliini;  .solu- 
tion.    The   remainder   of   tlie    moisture   mi.xes    with 
the  solution,  but  is  later  removed  from   the  .system. 
'r    with    the    water    introduced    in    the    wash.. 
effluent    boiledout    solution    from    tin-    am 
.stills. 
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ne.xt  lirculated  down- 
ward throuiih  the  charge,  a  small  centrifui^al  pump 
retinning  the  Hltrate  to  the  top  of  the  vat.  Circu- 
lation continues  till  tests  show  that  it  has  ceased  to 
dissolve  copper,  or  for  about  30  hours  on  the 
a\eraiie. 

Wiis/ii/ii/  till  Clniriji. — Tlie  leachiui;  solution  is 
now  drained  off,  part  going  to  the  evaiiorators,  and 
part  reserved  as  make-up  for  the  ne.xt  charge. 
While  this  rich  solution  is  being  drawn  off  from  the 
bottom  of  the  vat.  about  "20  tons  of  weak  Cf)p|iei 
ammonia  .solution  is  pumped  on  top  of  the  cliarge 
as  a  preliminary  wash  and  follows  the  rich  solution 
•lown  tlirongh  the  charge.  When  this  weak  solu- 
tion begins  to  appear  at  the  bottjim  of  the  vat,  the 
effluent  is  turned  ovei-  fi'om  the  rich-solution 
storage-vat  to  the   wash-solution   storage  vat. 

Immediately  following  the  preliminary  wasii 
(omes  the  steam  wash.  Steam  is  admitted  at  the 
top  and  gradually  heats  the  charge  to  the  bottom. 
Pressure  in  the  vat  is  kept  below  5  lb.  per  sq.  in. 
to  avoid  distorting  the  vat  and  subsetjuent  leakage. 
The  incoming  .steam  condenses  in  heating  the 
charge,  so  that  a  film  of  condensed  water  precedes 
the  steam  down  thmugh  the  vat.  displacing  most 
of  the  co|»pcr-ammonia  .solution.  The  remainder  of 
the  ammonia,  volatilised  bv  the  steam,  is  carried 
out  with  it  after  it  reaches  the  bottom  openings  in 
the  vat.  and  is  recondenserl  in  a  special  condensei'. 
Thi.'  weak  ammonia  .solution  is  .saved  in  the  wash- 
siiiution  storage  vats. 

\N  hen  the  ammonia  content  of  the  vapouis  issu- 
ing from  the  vat  has  fallen  to  (Yb",,  \H,,  the  wash 
is  consideied  finished,  the  .steam  is  .shut  off  and  the 
vat  excavated  with  mechanical  excavators,  as  here- 
inafter de.scribed.  The  time  necessary  for  .steam 
wa.shing,  when  carried  out  in  connectifm  with  the 
preliminary  wa.sh  with  weak  .solution,  will  average 
!'<»  hours  per  charge,  and  the  steam  u.sed  amounts  to 
only   about    100   lb.    per  ton   of   material    leached. 

The  steam  wa.sh  is  the  greatest  single  factor  in 
m.-iking  the  Kennecott  leaching  a  success,  and  upoTi 
this  (lortion  of  the  process  a  patent  has  been 
granted.  This  method  of  washing  enables  one  to 
leach  rich  ores  with  concentiated  ammonia  solu- 
tions, without  incuriing  an  excessive  ammonia  lo.ss 
111  the  tailing,  or  without  using  a  large  volume  of 
wash  water,  probably  .several  times  tlie  volume  of 
the  leaching  .sf.lntif.n.  in.stead  of  20'<,  of  it  as  with 
the  .steam  wash.  A  water  wash  i.s  undesirable  : 
fir.st,    because    watei-    consumption    at    Kennecott    is 


no  small  considewition,  and  also  because  a  huge 
volume  will  dilute  the  di.stilling  solution,  llu'icliy 
incica.sing  the  cost  of  distillation  proportionalcly. 
In  fact,  the  ttoam  economy  arising-  from  distill-i 
tion  of  solutions  which  contain  upward  of  1",, 
copjier  moi'C  than  counterbalances  the  steam  used 
for  the  wash,  In  addition,  there  is  the  advantage 
that  the.se  rich  solutions  have  little  tendency  to 
encrust  the  walls  of  the  evaporators  and  stills. 
This  is  a  point  all  o|)eiators  are  well  able  to  appre- 
ciate. 

As  water  for  sluicing  is  not  axaiiable  at  Kenne- 
cott and  as  the  shape  of  the  leaching  vats  permits 
only  about  35%  of  the  charge  to  run  out  bv  gravity 
a  mechanical  excavator  has  been  designed  and  in- 
stalled in  the  vats.  It  consists  of  a  central  shaft 
supporting  four  radiating  arms  carrying  bhulcs 
which  scrape  the  tailing  to  tlie  centre  doors  as  the 
shaft  revolves.  It  lemoves  the  tailing  from  the 
vat  in  about  seven  hours,  using  only  Ij  h.p.  and 
ie()uiring   practically   no  attention. 

In  the  present  plant  the  tonnage  of  mill  tail'  17 
l'3ached  has  been  gradually  increasci;  from  ;i,()00 
tons  in  April,  191G,  to  10,000  tons  in  April,  1917. 
The  ammonia  loss,  at  first  e.xcessive,  has  deci'eased 
from  2'0  lb.  to  O'.j  lb.  per  ton  leached.  The  ex- 
traction has  varied  somewhat  but  has  averaged 
better  than  75%  of  the  carbonate  copper.  The 
grade  of  jirecipitates  has  vaiied  markedly  but  l:;i.< 
averaged    practically    70%    C'u. 

In  view  of  the  results  obtained,  construction 
work  has  already  commenced  on  the  enlargement  of 
the  jjlant  to  one  of  a  capacity  of  25,000  tons  jiei- 
month.  The  four  new  leaching  vats  ai'e  to  be  .'iO 
ft.  in  diameteV,  the  same  as  the  present  vats,  but 
are  to  be  5  ft.  higher,  thereby  increasing  the  leach- 
ing column  from  15  to  20  ft.  and  the  capacity  frf)m 
500  to  Gfio  tons  per  charge.  The  four  evapoi-ators, 
which  are  periodic  in  type,  are  to  be  arranged  in 
two  double-effect  units,  each  unit  being  e<]uipped 
with  a  separate  condensei'  and  absorber.  Arrang- 
ing the  evaporators  in  double  effect  will  economise 
the  steam  used,  as  a  higher  grade  ammonia  con- 
centrate can  be  produced.  By  the  new  arrange- 
ment the  ammonia  concentrate  will  assav  at  least 
18%  NH.;.  This  will  effect  a  saving  of  22%  in  the 
steam  used  for  distillation.  Should  the  heads  for 
any  e.xtended  ])eriod  assay  considerably  above  the 
present  feed,  the  amount  of  solution  to  be  distilled 
would  exceed  the  capacity  of  the  evaporators,  so 
a  third  unit  has  been  provided  for. 

Based  upon  the  figui'es  of  the  present  ;5()0-toii 
plant,  the  cost  of  treating  800  tons  per  day  by 
ammonia  leaching,  assuming  a  heads  assay  of  1% 
carbonate  copper  and  a  recovery  in  the  precipi- 
tates shipped  of  75%  of  the  carbonate  copper  in 
the  heads,  is  given  below.  Of  the  costs,  other 
than  the  freight  aifd  treatment  charges  on  the 
precipitates  shipped,  which  need  not  be  considered 
here,  the  figures  for  steam,  ammonia,  and  labour 
are,    in    the   order   given,    the    most    important. 

The  cost  of  the  steam  for  the  operation  of  an 
ammonii-leaching  process  will  vary  with  the  grade 
of  mat?ri-il  treated,  since  the  steam  required  for 
the  distillation  of  the  copper-amm'nii;i  liLpiors  is 
practicallv  constant  ver  nound  of  copper  precioi- 
tated.  '^'11  the  other  hand,  the  .steam  necessary  fo^ 
the  tailing  washed  is  a  factor  of  the  tonnage  treated, 
averaging,  .say,  100  lb.  per  ton.  Assuming  a  heads 
assay  of  1%  carbonate  copper  and  a  recovery  in  the 
precipitates  of  75%,  there  would  be  produced  15  lb. 
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steam  lu'cessarv  fiic  tlu'  distillation  aiiiDiiiitiii^  to 
IS  111.  per  111.  fif  copjipr  [irfiipitatc'd,  tlit'iv  would 
lie  rf(|iiired  "270  Ih.  per  ton  leiu-lie<l,  and  with  tJie 
100  III.  for  the  tailing  wii.sh,  the  total  steam  ion- 
sumption  would  he  370  lli.  pei-  ton  leaclied.  With 
a  net  evaporati<in  id  11  lli.  of  water  pei'  lli.  of  fuel 
oil,  and  with  oil  at  $:j. •_>.')  per  lihl.  {42  nal.),  the 
I'ost  of  steam   per  ton   leathed   wraild  be  .'13. tJ  cent.s. 

TaIU.E    V. — Ldhour    ('lists    nf    A  III  moll  id    Li  tir/ilinj. 


Rate  iitr 
X...  ..f  Miifl 

Sliifm  |it>r    Kxcliisi\e 
2i  lliiurs,     >i(  lloniis. 


h'oreman    and    ihemist 
Shift     bosses 
Opeiators,     distillation 
Operators,     c)iar;;injj     vats 
Operators,    tailins?   disposal 
Operators,      sacking;      and 
loading    precipitates... 
Maintenance 
Firemen    (for   builersi 
Koustaboul.^ 


:j 


$0.00 
J.JO 
4.00 
3.7.3 
3.75 

3. 7.') 
4.50 
4.0(1 
.3.75 


Amount 
por  U 

lliHirg 

$(;.()() 
i:s.5(t 
r.'.oo 
n.-j.'> 

11.25 

11.-'.") 

<).oO 
12.00 
11.25 


Totals               24                ...  $97.,50 

or   on    ;'.    li:i.sis   of    700    ton.s    per   24    Imurs  the   cost 
per  ton    would   be   13.9  cents. 
M  i^ri:lliiiu(ius. — 

Per  ton    leached 
Electrical       power,       compies.<ed       air, 

lights,    etc 4  cents 

Maintenance— supplies    and    equipment  9  cents 
S.icking    piecipitates  —  e.\penses    other 

than    labour      Ij  cents 

.'^^mpling.    assaying,    experimental,    etc.  4  cents 

Miscellaneous            ..           ...  5  cents 


."^ummari/. — 


Steam 

Ammonia 

Labour 

Electrical  power,  etc. 

Maintenance 

Assaying,    etc. 

Miscellaneous 


Cost  per  ton     Cost  per  lb. 

Leached.     Cu  Pecovered 

3.3.r,c.  2.24c. 

17.0  1.13 

13.9  0.93 

4.0  0.27 

9  0  O.GO 

4.0  0.27 

5.0  0.33 


Totals  86.5c.  5.77c. 

The  ammonia  used  at  Kennecott  is  aqua  ammo- 
nia, or  ammonium  hvdrate,  containing  29'2°,,  \H, 
(20-  Baume  at  60°  F.)  This  form  of  ammonia  is 
more  convenient  to  handle  and  costs  less  per  lb. 
of  XH,  delive'-ed  at  Kennecott  than  deos  the  anhy- 
drous ammonia.  The  cost  per  lb.  XH..  includin'j 
the  return  freight  on  the  empty  drums,  is  34  cents. 
With  an  ammonia  loss  of  05  lb.  per  ton  leached, 
the  cost   will   be   17   cents. 

The  costs  given  in  the  above  tabulation  are  those 
estimated  for  the  Kennecott  plant  when  enlarged 
to  have  a  capacity  of  800  tons  per  day.  though  to 
make  the  costs  liberal  the  labour  figures  are  based 
on  a  700-ton  capacity. " — Hor.\ce  M.  L.\wrexce. — 
Knqlneirinn  and  Mining  Journal,  Xov.  3,  1917,  p. 
7S1.      (H.    A.    W.) 

MIXIXG. 
Prese'ivatton  of  Timber  in  Cohi.  MrxEs.  — "  At 
the  presf'nt  time  the  shortage  of  timber  supplies 
his^  rende'-ed  the  prevention  of  wastage  in  pit 
timber  a  matter  of  national  importance.  A  large 
amount  of  timber  in  mines,  and  especially  in  shallow 


coal-pits.       nc|niii>       !■!       i.i-       |i|M.i(i(i       preniut  III  <ly 

betause  it  umlergoes  deiay  and  coiim-iiuently  coi 
lapses.  Such  decay  or  disintegration  is,  at  i.:i-t 
for  the  most  part,  cau.sed  by  various  fuligi  \\l...li 
permeate  and  devour  the  wood,  and  often  <|.ili. 
itB  surface  with  a  fluffy  or  cottony  material 
(|' spawn").  This  spawn,  usually  white  but  some 
times  coloured,  can  rapidly  grow  over  the  timiier, 
walls  or  floor,  and  may  even  be  broken  off  and 
transferred  elsewhere,  and  thus  reach  and'infed 
sound    wood. 

"These  wdod  ilestroying  fungi  al.so  produce 
fructificitions.  whieh  emit  countless  miiroscopic 
germs  (•  spore's '),  whidi,  conve\ed  through  the 
air,    may   alight    on,    and    attack,    pit-wood. 

"  Two  mean.s  of  jireventing  hiss  through  tin- 
decay  of  wood  are  possible  :  />/■<  n  ntire  and 
nimdiiil    measures. 

"Thorough  nrfvinlivi  measures  are  largely 
impracticable  at  present  owing  to  difhculties  as 
regards  machinery,  materials  and  skilled  labour. 
On  the  other  hand,  riimdin!  measures  may  be 
undertaken  at  once  ;  and  it  is  the  main  object  of 
this  Memorandum  to  point  out  what  they  are, 
and   how    they   should   be  employed. 

"A.  l{i  nil  dull  iiiiiisiirfs  are  designed  to  de- 
crease the  amount  of  infection,  so  that  the  life  of 
pit-timber  will  be  linijthvnid  im  t/ir  iirirn(fp,  and 
a  corresponding  saving  be  thereby   accomplished. 

Growth  fif  the  spawn  over  the  surface  of  the 
timber,  walls  or  floor  to  sound  wood  is  one  mean.* 
of  rapid  spread  of  infection,  anri  is  aided  by  the 
transference  of  the  s|)awn  by  other  agencies  (wind- 
currents,  on  men's  clothes,  packing  of  the  rejectefl 
pit-wood  close  to  sound  wood.  etc.).  The  checking 
of  this  superficial  growth  cannot  do  more  than 
diminish  the  rate  of  decay  of  the  timber,  because 
the  wood-attacking  fungi  grow  also  inside  the 
timber ;  but  inasmuch  as  the  fungus  grows  more 
rapidly  outside  than  inside  the  wood,  the  rate  of 
destruction  of  pit-wood  will  be  decreased  by  killing 
.«pawn  on   the   surfjice. 

Infection  will  likewise  be  decrease*!  by  the 
removal  and  destruction  of  the  germ-produ(  ing 
fructifications  that  emerge  from  the  wood. 

Ti;   order  tn  afcnniDlish   the.«e  ends    - 

1.  C<illiery  timber  men  should  be  taught  to 
recognise  the  spawn  and   fructifications. 

2.  Starting  from  the  intake,  and  travelling  with 
the  air  currents  to  the  return  ways,  the  timber 
should  be  periodically  insfiected  for  fungus-material 
on  the  timber.  Where  fungus  occurs,  the  accessible 
pit-wood  should  be  treated  as  follows  : — 

(")  The  apparatus  required  would  be  a  pail,  some 
cliths,  a  cloth  or  cotton  swab,  a  strong  knife  and 
an   antiseptic   solution   properly   made   up. 

(b    The   following  antiseptic   substances  are   suit 
able  and  are  arranged  in  order  of  preference  : — 
(/')      Creosote,    and    various   derivatives. 
(ii\    Zinc   chloride. 

(Hi)  Copper  sulphate  (which  should  not  be  used 
where  the  mine- water  is  rich   in   iron). 

(r)  Every  fructification  (shaped  like  a  cushion, 
bracket  or  mushroom)  should  be  removed  by  cutting 
away  the  portion  of  wood  to  which  it  is  attached. 
These  should  be  placed  in  the  pail,  carried  to  the 
surface,  and  burnt  in  the  boiler  fires.  All  waste 
timber  King  in  the  roadways  and  rece.sses  should 
also  be  brought  to  the  surface  and  burnt  at  once. 
Instint  burning  is  important,  as  a  good  deal  of 
infection  of  sound  timber  takes  place  during  storage 
^bove  srround  because  decaying  wood  is  allowed  to 
lie  about  amongst  it,  and  so  the  infection  is  spread 
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tu  timber  originally  snuiid.  The  result  of  this 
would  be  to  stop  much  of  the  infection  that  is 
caused   by   microscopic  germs   (spores). 

(f/)  At  the  same  time  or  subsequently,  the  spawn 
on  the  surface  of  the  pit-timber  would  be  dealt 
with  as  follows  : — Each  man  ensjaged  would  carry 
a  swab,  the  cloths  and  a  pail  three-quarters  full  of 
the  antiseptic  solution  chosen.  All  the  accessible 
wood,  including  props,  balks,  crowntrees,  bars  and 
xoUar*.  would  be  washed  with  the  solution,  and 
the  spawn  removed.  The  solution  and  cloths  would 
require  to  be  renewed  from  time  to  time.  When 
possible,  loose  bark  should  be  removed  and  the 
bare   wood    washed   over   with    the   solution. 

This  treatment  would  serve  both  to  check  the 
irrowth  of  spawn  over  the  surface  and  to  prevent 
its  transference  from  one  part  of  the  mine  to 
another,  and  thus  would  hinder  new  infections. 
But  a  certain  amount  of  the  antiseptic  solution 
would  be  absorbed  by  the  woikI  and  or.  drying 
would  leave  on  or  near  the  surface  a  thin  film  of 
.■int''.«eptic  substanc.'  wh  =  (!i  would  check  the  growth 
i.f  any   germs  that   might  alight  on  the  wood. 

A  great  deal  will  depencl  on  the  thoroughness 
with  which  these  operations  ar>f  carried  out.  When 
once  bejiun  the  treatment  should  be  systematically 
and  regularly  pursued,  as  these  wood-attacking 
fungi  ^row  rapidly  and  temporary  neglect  may 
undo  the  work  of  months.  The  mine-timber  should 
therefore  be  e.xamined  at  least  once  a  month.  The 
consequence  of  tiie  treatment  will  be  a  steady  im- 
provement in  the  condition  of  the  mine-timber  from 
tiie  very  commencement.  It  will,  however,  be 
•evident  that  one  limitation  of  the  beneficial  effects 
will  be  due  to  the  inaccessibility  of  decaying  wood 
packed  under  the  roof  above  '  the  bulk's,  crovvn- 
tiees,    bars  or   collars. 

B.  The  methods  detail  above  constitute  a  directed 
■'ttark  on  the  ivood-desfroi/intj  fungi,  and  are 
■  lesigned  to  reduce  the  loss  occasioned  by  decay  in 
mines  that  are  already  infected.  An  entirely 
different  method  of  dealing  with  the  problem  is  a 
•  lefensive  one,  and  involves  the  protection  of  the 
tri,(,d  by  rendering  it  immune  to  infection  by  fungi. 

Wood  can  be  protected  more  or  less  perfectly 
from  decay-inducing  fungi  by  coating  or  impregnat- 
ing it  with  an  antiseptic  substance.  The  degree 
of  protection  thus  afforded  depends  upon  the  sub- 
.'^tance  u.sed  and  upon  the  depth  to  which  it  pene- 
trates the  wood.  Mere  superficial  coatings  are  less 
•■fficient  than  injections  to  .some  depth  within  the 
surface  :  while  perfect  protection  is  ensured  solelv 
by   impregnating  the    wood   throughout. 

Various  substances  are  very  unequal  in  their 
power  of  conferring  upon  wood  resistance  to  fungal 
attack.  In  some  coal-pits  mere  soaking  with  mine- 
water  lengthens  the  life  of  the  wood  :  at  the 
opposite  e.xtreme  of  efficiency  is  creosote,  which 
<onferi;  indefinitely  long  durability  upon  wood.  The 
f.xact  treatment  to  be  adojjted  will  depend  there- 
fore on  the  circhm.stances  of  the  ca.se  and  parti- 
cularly upon  the  time  during  which  the  wood  is 
required  to  remain  sufficiently  sound  to  be  of  ser- 
vice. .Superficial  v.a.shes  are  applied  by  means  of 
a  brush  ;  and  when  this  or  any  other  method  of 
application  of  the  antiseptic  is  adopted,  bark  must 
be  removed  from  the  timber  before  treatment. 
Somewhat  deeper  penetration  is  ensured  by  soaking 
the  wood  for  a  longer  or  shorter  time  in  the  heated 
antiseptic  solution.  For  this  purpo.se.  timbers,  be- 
fore Vjeing  taken  driwn  into  the  pit,  should  be 
.soaked  for  at  least  15  minutes  in  a  vat  of  10% 
'/inc    chloride    at    a    temperature   of    1.30°    F.,    or    in 


creosote  as  hot  as  it  can  conveniently  be  use<l. 
When  the  props  are  put  in  position  in  the  ways, 
their  tops  where  bruised  by  the  hammer  slunild 
be  jiainted  over  with  the  preservative,  as  infection 
often  starts  at  these  spots.  For  deeper  penetration, 
more  prolonged  soaking  is  essential,  and  the  dee|)est 
penetration  is  ultimately  secured  with  greatest 
economy  by  pneumatic  pressure  (and  the  use  of  a 
creosoting  ))]ant)  if  large  (puintities  of  wood  reipiire 
treatment. 

Creosote  and-  its  derivatives,  or  zinc  chloride 
lepresent  the  most  economic  and  efficient  antiseptics 
for  use  in  mines.  But  a  number  of  salts  confer 
feebler  resistance,  and  may  be  used  where  the  w(jocl 
has  to  last  only  a  relatively  short  time  before  being 
removed  :  among  these  are  common  salt,  magne- 
sium sulphate,  certain  mine-waters,  copper  sulphate 
(not  to  be  used  where  the  mine-water  is  rich  in 
iron)  :  iron  ■''ulphfite,  sometimes  recommended, 
slitiidd   not    he    ii.-t<-d. 

This  policy  of  replacing  timber  in  mines  by  wood 
rendered  more  ,or  less  antiseptic  should  be  followed 
in  all  cases.  When  carried  out  in  the  most  thoi'ough 
manner,  it  gradually  brings  the  pit  into  a  com- 
pletely sanitary  condition  (for  instance,  thoroughly 
creosoted  pit  props  that  when  unprotected  colla))se 
from  decay  in  a  few  weeks  will  last  for  many 
years  :  discarded  creosoted  railway  sleepers  similar- 
ly will  seive  for  indefinite  periods  as  sound  cross 
bars). 

The  precise  method  of  dealing  with  mines  in 
order  to  eradicate  or  decrease  decay  of  timber  will 
vary  .somewhat  in  detail  in  different  cases.  In 
regard  to  this,  advice  may  be  obtained  from  the 
Department   of    Scientific    and    Industrial   Research. 

Xole. — The  significance  of  wood-attacking  fungi 
(and  possibly  certain  bacteria)  is  not  confined  to 
tlieii  destruction  of  timber,  for  during  their  growth 
they  may  produce  '  black  damp,'  and  the  amount 
of  this  gas  that  they  produce  is  directly  propor- 
tional to  their  abundance  and  rigour." — Depart- 
ment of  Scientific  and  Technical  Research. — Indian 
Engineerinq,    April   20,    1918,    p.    224.      (J.    A.    W.) 


Chang-es  of  Address. 


Angus,       T.,      I  jo      Kaapsche      Hoop  ;       Wankie, 

Rhodesia 
C'OATON,   A.   A.,   Ijo   Benoui  ;    Springs  Mines.   Ltd., 

P.O.    Box    54,    Springs. 
CfLLEN,      W.,      //o      Upper      Norwood,      Londf)n ; 

Cumbernauld,    Feltham    Hill,    Middlese.x. 
G.\LBREATH,     N.     M.,     tn    1,     St.     Frusquiu     Street. 

Malvern. 
James,    J.     H.     D.,    Ijo    Germiston  ;     Consolidated 

Laiglaagte    Mines,    Ltd.,    P.O.    Box    15,    Lang- 

laagte. 
Lloyd,  J.  J.,  Ijo  Nairobi  :    Poste  Restante,  Diego- 

Suarez,   Madagascar. 
Mills,     E.     W.,    Ijo    Peking;    75,     Yamashita-cho, 

Yokohama,  Japan. 
Nakamoto,   H.,  Ijo  Sado,  Japan  ;    Mitsubishi  Min- 
ing   Co..    Marn-no-chi,    Tokyo,    Japan. 
Olssox,     C.     H.,     Ijo    Jeppes;       P.O.     Box     1126, 

Johannesburg. 
Saner,    C.    B.,    Ijo    Isipingo  ;    P.O.    Addo,    C.P. 
WiLLL\MSON,   R.,    Ijo   Bullfinch  :    Block   10,   Misima 

Gold    Mines,    via   Paqua,    Australia. 
WoRMALD.    R.,    to    Noord    Kaap    Syndicate,    P.O. 

Noord    Kaap,    District    Barberton. 
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Proceedings 


Ordinary  General  Meeting-, 
September  21,  1918. 


Tlic  Onliiiury  CU'iKial  Mi-i'tiii^'  of  tiu' 
Soi-ifly  \va.s  lirlil  ii;  tlic  Soutli  Afrii-aii 
School  of  MiiK's  and  Teciinolof;y  liuiKlini;, 
.loiiaiiiifshuiy;,  on  Saturday,  llif  *21st 
Si|)tt>inlHT.  li)18,  .Mr.  H.  S.  \Meyer  ( Pii'si- 
dfiit)  in  the  riiaif.   There  were  also  present: 

2.-)  Mcmlurs:  Mes.srs.  A  Whithv.  H.  A. 
White.  H.  K.  Adam.  -I.  Cliilton,  C.'j.  Gray, 
•  I.  H.  Thurlow,  C.  l\)oinhs.  F.  Wartenweiler, 
1".  \V.  Watson,  J.  Watson.  W  .  11.  Dowling. 
I'rofs.  (1.  H.  Stanley  and  J.  A.  Wilkinson, 
S.  Beaton,  W.  Beaver,  N.  M.  (Jalhreath. 
H.  C.  Hilton,  I.  Hodges,  A.  King,  P.M. 
Newhall.  S.  Newton.  E.  A.  Osterloh,  J.  T. 
Triggs.  T.  P.  Waites,  and  K.  H.  Wonuacott. 

4  Associaics:  ^Messrs.  B.  C.  Forrest, 
().  A.  Gerber,  L.  ]>.  Hingle.  and  J.  A. 
Woodburu. 

8  Visitors,  ineliuling  J)r.  W.  W'atkins- 
Pitchford,   and  Fred   Piowland  (Secretary). 

MINUTES. 

The  Minutes  of  the  22nd  Annual  General 
Meeting,  held  on  the  22nd  Jiuie,  1918,  as 
recorded  in  the  June  Journal,  were  con- 
firmed. 

NEW    MEMBERS. 

The  President  announced  that  tlie  follow- 
ing gentlemen  had  been  unanimously 
elected    members    of    the    Society:  — 

H.vnnis,  Thomas  Henry.  PiKbinson  G.M.  To..  Ltd., 
P.O.  Box  1024.  .Johamieslmrg.  Underground 
M  anager. 

MoncAX,  Percy  Vates.  M.A.(N.Z.),  F.G.S..  39, 
Marjciribanks  Street.  Wellingtnn.  New  Zealand. 
Directur,    N.Z.    Geological    Survey. 

WiLLcox,   .TcLn-s    S..    4(i.    North    Street,   Vogelfon- 
tein.     East    Rand     Proprietary    Mines"    Cemen- 
tation  Works. 
The  Secretary  notified  that  since  tlie  last 

meeting  the   following  gentlemen  had  been 

admitted  by  the  Council  as  .Associates: — • 


UlLSF.   Eiiic   Geokce,    Gerniiston    Holt-l.    G(•^nli^toll. 

Battery    Shift   Leader. 
CnoxFORU,"  Louis  .Ia.\ies,   Witwatersrand  (!..M.   Co., 

Ltd.,    I'.O.    Bo.\    1,  Knights.      Battery    Korr-m-.n. 
Lam;e,   Selk;   .Aisiiaham.   .\.s.sor.S..\.S.M.   &:    '1.,  M, 

Height    Strei-l,    Doornfontein.      .M<'tallurgi>*t. 
STAri-ETO.N,   pREUEUiiK,  (  hanipion   BiM'f  P.O.,  Kolar 

Gold      Fields,      Southern      India.        lieduction 

Officer. 
\'ii.EiEKs,   .John-   ke.   Gold    Field.s   Lal»orat4iry,    P.O. 

Box  1(»S,  (}ermi.ston.  .As.sayer. 
<>i;lTl  AltV. 
The  President:  It  is  with  the  greatest 
regret  thai  I  have  to  announce  that  since 
the  last  meeting  the  Society  has  suffered 
great  loss  by  the  deaths  of  no  less  than  six 
members:  Mr.  .1.  S.  Curtis,  a  foundation 
member,  Mr.  G.  .\.  Lawson,  .Mr.  (i.  F. 
.Matthews,  Mr.  W.  W.  Laurie,  .Mr.  John 
Fleming;  and  .Mr.  J.  Ferguson,  the  news 
of  whose  death  only  reached  us  to-day.  It 
is  very  seldom  that  one  has  to  deal  with  a 
long  list  like  this,  and  I  do  not  propose  to 
attempt  to  describe  the  loss  which  each 
member  represents  to  this  Societj'.  Some 
were  known  to  me  per.-onally,  others  not. 
Therefore  it  would  .be  invidious  for  me  to 
try  to  call  attention  to  the  particular  loss 
the  Society  has  sustained  in  each  of  these 
gentlemen,  but  at  the  same  time  I  ask  you 
all  to  rise  as  an  expression  of  the  Society's 
condolence  with  the  families  of  these 
gentlemen. 

Tliis  was  done. 

CMANiiKS      IN     CorXCIL. 

The  President:  .Mthougii  the  new  year, 
as  far  as  the  Society  is  concerned,  has  barely 
commenced,  we  have  already  had  two 
changes  on  tlie  Council.  First,  Mr.  John 
Watson  has  been  compelled  to  resign  as  he 
is  leaving  the  country.  It  is  hardly  neces- 
sary for  me  to  say  Mr.  Watson  has  been  one 
of  the  oldest  and  most  valued  members  of 
the  Council  and  to  express  the  regret  of  the 
Society  at  his  loss.  The  last  paper  Mr. 
Watson  gave  us  was  on  the  subject  of  lithia 
— and  now  I  understand  he  is  going  to  deal 
with  the  subject  of  soda,  so  that  it  is  merely 
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a  chauge  from  one  mineral  water  to  another  I 
Mr.  E.  C.  J.  Meyer,  General  Manager  of 
ilif  East  Hand  Proprietary  Mines,  has  found 
It  Meet'ssary  to  resign  owing  to  pressure  of 
i)U<iness  :tnd  inabihty  to  attend  the  Couii'-il 
int-ftings.  In  their  phiees  the  following  two 
gentlemen  have  been  asked  to  till  the  vacant 
st-aLs.  viz.,  Mr.  F.  G.  Maedonald  and  Mr. 
G     .\.  Watermeyer. 

AMBILANCK      COMPETITIONS. 

The  Secretary:  The  Ambulance  compe- 
titions f.  r  the  two  shields  i)resented  by  the 
Society  tor  surface  workers  and  underground 
workers  respectively  were  held  at  the 
Hobin.son  and  City  Deep  mines,  eight  teams 
competing  for  tlie  surface  workers'  shield 
and  eighteen  for  the  underground  workers' 
shield.  The  surface  workers'  shield  was 
again  won  by  the  Village  Deep,  and  the 
Crown  Mines  regained  the  underground 
workers'  shield. 

District  Ambulance  competitions  have 
l)een  arranged  by  tlie  South  African  Red 
Cross  Society  for  tlie  mines  in  the  following 
mining  districts  on  the  following  approxi- 
niate  dates :  Boksburg,  November  24th ; 
•Inhannesburg,  December  l.'ith  ;  GeiTniston, 
•laiuiarv  10th;    Krugersdoi-]),  February  2nd. 

Prof.  J.  A.  Wilkinson  (Past-President): 
I  sliould  like  to  say  in  regard  to  these  com- 
petitions that  we  regret  very  much  that  the 
shield  for  the  coal  miners  has  not  been  up 
for  competition  for  several  years  owing  to 
lack  of  entries.  When  this  comes  to  pas.^ 
year  after  year,  we  are  almost  forced  to  the 
conclusion,  that,  unless  a  terrible  accident 
liappens  on  one  of  the  coal  mines,  there  will 
always  be  this  lack  of  enthusiasm.  We 
have  tried  every  means  to  create  the  neces- 
sary enthusiasm,  but  so  far  we  have  hitherto 
failed  to  do  so.  The  competition  this  year 
was  a  .source  of  great  gratification  to  us 
because  of  the  large  number  of  t^ams  which 
entered,  and  was  also  interesting  from 
another  jKjint  of  view,  as  the  Kimberley 
Mines  sent  up  teams  for  both  competitions. 
In  the  near  future  district  competitions  on 
the  Reef  for  areas  corresponding  to  the 
Mining  Inspectors'  Districts  will  be  held, 
which  we  hope  will  stimulate  ambulance 
work  still  further.  It  is  very  interesting 
and  extremely  stimulating  to  see  these 
teams  at  work  underground,  and  if  any  of 
you  can  attend  these  competitions  you  will 
always  be  welcomed  and  probably  very 
surprised  at  tlie  excellence  of  the  work  done. 

The  President:  It  appears  to  me  that  the 
complaint    as  regards   coal   mines   is  pretty 


Well  iounded,  but  so  long  as  ct)al  mining  is 
so  relatively  simple  as  it  is  here  in  the 
Transvaal  it  is  net  so  ditticult  to  see  why 
there  is  not  greater  interest  taken.  It 
occin-s  to  me  tliat  if  there  is  not  greater 
interest  taken  it  will  be  advisable  to  with- 
draw this  competition  and  devote  the  prize 
to  something  else.  We  might  devise  some 
other  scheme  in  its  place,  and  I  just  throw 
this  out  as  a  sugge.>^tion,  that  in  view  of  the 
fact  that  to-day  natives  are  being  trained  all 
over  the  mines  in  ambulance  work,  perhaps 
in  a  small  way,  why  should  not  this  Society, 
which  has  taken  such  a  leading  part  so  far 
in  this  movement,  go  one  step  further  an  1 
offer  a  prize  for  native  proficiency  in 
ambulance  work ".' 

Mr.  I.  Hodges  ^Mem'ber):  I  happen  to 
be  the  General  Manager  of  one  of  the  largest 
collieries,  and  I  camiot  let  thi<  observation 
pass  without  a  word  in  reply.  I  think  the 
great  difficulty  is  tliat  tlie  coal  mines  are 
so  scattered,  that  it  is  very  ditiicult  to  get 
coal-miners  together  in  order  to  provide 
that  emulation  which  is  at  the  root  of 
these  competitions.  In  our  ambulance 
competitions  in  England  we  colliers  do  not 
hold  ourselves  second-best  to  any  class  of 
worker,  and  although  I  have  not  seen  the 
Rand  Ambulance  competitions,  I  should 
not  have  any  fear  in  putting  colliers  against 
any  other  workers.  .\t  Vereeniging  we  have 
forty  members  in  our  ambulance  class — 
and  there  is  auj"  amount  of  enthusiasm ; 
but  if  you  ask  me  if  I  am  going  to  bring 
these  men  to  the  Rand  to  compete  I  should 
say  certainly  not.  I  think  there  is  no  lack 
of  enthusiasm  on  the  part  of  coal-miners; 
it  is  merely  a  question  of  accessibility. 

Prof  J.  A.  Wilkinson:  If  it  is  possible 
tor  De  Jieers  lo  send  a  team  from  Kimberley 
why  should  not  it  be  possible  for  the 
Vereeniging  Coal  Mines  also  to  send  a  team 
to  Johannesburg  V 

Mr.  I.  Hodges:  Because  of  the  relative 
time  in  which  the  men  are  engaged  work- 
ing. The  collieries,  owing  to  the  great 
stimulus  the  coal  trade  has  received,  are 
working  at  nearly  full  pressure — Vereenig- 
ing has  stood  only  '2i  days  since  January 
1st.  In  normal  times  collieries  would  be 
able  to  find  time  for  the  workmen  to  have 
ambulance  competitions  on  their  mines, 
but  not   to  travel  long  distances. 

Prof.  J.  A.  Wilkinson:  There  are  only 
five  men  in  a  team. 
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Mr.  I.  Hodges:  I'.ni  ii\,.  ,ait  <.!  a  (-(.lliery 
siiilt  IS  liittcicm  t(i  live  mil  (i|  a  ^(iM-iiiiiiiiif,' 
staf;",  and  \ci_v  ilin'tiriit  tioiii  live  ont  ot  !)»• 
lU«t>rs'  staff. 

ASSAY    sri'l'i.ir.s    AND     III'-:    itii.is\  riox    ok 

SlMIII     \ll;li    \\    M  \II.l:lAI.S    IN    ASSAY    (iKl-ICKS. 

Mr.  A.  Whitby  <\irr.l'rrsi<i('til,:  With 
sjH'fial  rt'toiviice  to  local  supply  oi  litliarg»', 
I  wish  to  nulla'  a  lew  itMuarks.  I'his  litharge 
has  ht'en  nuniutactuii-d  hv  .Mr.  .1.  F. 
Fi'r<,'usi)ti,  and  vwrv  lot  has  hi'on  assayed 
liy  our  tiini.  It  <irdiiuirily  runs  al)out.  0  gr. 
to  10  «,'r.  of  silvi'r  pt-r  ton  and  nt-^di^'lhlf  j^old. 
I'frha|)s  hccausr  it  is  a  local  product  it 
appeals  thai  tlu-  assayers  along  the  Hccf 
have  heen  sonu'what  suspicious  ot  it.  1  will 
give  yo»i  a  case  in  point.  One  man  fouml 
gold  to  the  I'xtent  of  ()M)1()  dwt.  ])er  ton 
working  on  2  A.T.  !  I  Another  fovuul  4  dwt. 
hut  finally  traced  it  to  his  tluxi-s.  Now, 
scttiui:;  aside  the  last  i-ase.  iiow  can  any 
assaycr  aHirni  such  a  lesult  as  OMlKi  <lwt. 
on  a  '2  A.'V.  chaigeV  We  certify  every  eoii- 
signnu-nt  .of  this  litharge  on  samples  taken 
fidm  the  l)ulk  Indore  turning,  and  our 
nu'thod  of  procedure  is  to  take  20  A.T.  in 
duplicate,  and  run  with  argol  sufficient  to 
give  a  80  gm.  to  40  gm.  button  of  lead. 
Finally  a  wash  of  argol  is  given  to  the 
molten  charge.  The  two  heads  of  silver  are 
iinjuarted  together  with  a  small  ])iece  of 
pure  gold  which  has  heen  used  over  and 
over  again,  showing  no  increase  of  weight. 
The  reason  for  this  is  that,  sup])Osing  gold 
did  exist  in  the  litharge  it  is  prohahle  that 
on  parting  the  silver  head  a  difficidty  woidd 
present  itself  in  collecting  any  fine  gold 
particles  which   might  he  ]  resent. 

It  must  he  liorne  in  mind  that  we  are 
dealing  with  an  ultimate  charge  of  40  A.T., 
and  were  tluMe  any  apj)reciahle  (luantity  of 
gold  we  should  surely  note  it.  Finally, 
please,  we  make  no  assertion  as  to  the 
absence  of  gold  in  any  sample,  confining 
ourselves  to  the  absolute  truth  tliat  the  gold 
if  any  is  negligible. 

Mr.  Ferguson  has  spent  a  good  deal  of 
money  in  putting  in  a  Pattinson  plant,  and 
it  is  up  to  the  mining  community  to  give 
him  a  fair  run  for  his  money,  and  not  quibble 
biecause  it  is  a  local  product. 

Mr.  John  Watson  (Member):  1  should 
like  to  say,  in  supi)ort  of  Mr.  Whitby,  that 
we  have  been  using  Ferguson's  litharge  at 
the  City  and  Suburban  for  nine  months  or 
:i  year,  and  I  have  made  tests  of  it.  doing 
ciieek.;  in  duplicate  on  every  lot.  In  one 
or  two  eases  we  found  a  trace  of  gold,  but 


<in  repeating  it.  ij,,.  j^,old  wns  nil.  This 
bears  out  what  .\lr.  Whitby  says.  The 
lMliar>:e  I  ha\i'  found  lo  be  quite  all  rifht  in 

other    |-(Spect<. 

The  President:  .\s  a  matiei-  .,t  interest, 
has  aiiyoiie  any  idea  how  this  litharu'c  is 
mad.  •'     \\li:it   is  the  source  of  the  lead? 

Mr,  A.  Whitby:  \..nnnilator  plates,  at 
one  time. 

The  President:     r,ui    n..w,   is  it  loeally- 

niincd   Irad   ,,ti'  <ir  t^alena'.' 

Mr    A.  Whitby:     (lalena. 

The  President:     Does  it   come  from   th.- 

W'stnii   TiiMi-vaal:' 

Mr.  A.  Whitby:  1  .|,,  not  think  -..  |t 
is  1<M)  liiudi  in  siher  there,  'i'licri'  is  a  mine 
up  nor;h  somewhere  where  the  silver  is  very 
low.  He  has  put  in  a  \rry  up-to-date  plant 
and,  given  suitable  supplies  of  ore,  can 
produce  high  grade  litharge^  in  suf!icicnt 
quantity  for  all  purposes. 

Mr.  H.  A.  White  (Virr  -  Prrsidmi) : 
It  is  a  jiily  Mr.  I'eiguson  does  not  come 
down  to  tell  us  something  about  it;  and 
then  we  might  ask  whether  he  could  supply 
us  with  sufficient  lead-foil  for  the  small 
quantity   we   use  on   the   mines. 

Mr.  A.  Whitby:  .Mr.  Ferguson  has  the 
matter  of  assay  lead-foil  under  considera- 
tion. 

The  President:  Did  anyone  see  some- 
thing in  tlu'  pa|)ers  recently  about  the 
iJioduction  of  lead-fi.il   at  rajie  Town? 

Mr.  H.  A.  White:     Sheet  lead.     That  is 

not  quite    thin   ciiougli    for  us. 

puonrcTioN   OF   !>I(;-if;on   at   pki.toima. 

Prof.  G.  H.  Stanley  <  Paai-Prcfiidcnt): 
I  expecl  \i  u  iia\e  all  seen  ill  the  ])ress 
notices  that  pig-iron  is  being  produced  in 
Pretoria,  and  I  have  here  some  samples  for 
your  inspection.  You  probably  know  that 
the  ore  which  is  being  smelted  there  is 
a  mixture  of  siliceous  ore  from  the  Timeball 
Hill  range,  and  a  narrow  band  of  claj*  ore 
which  occurs  at  the  foot  of  the  range,  each 
containing  about  50%  of  iron.  The  mixture 
is  to  some  extent  self-ffuxing,  but  it  is  not 
completely  so,  and  therefore  limestone  has  to 
be  used  and  brought  a  considerable  distance, 
and  coke  is  obtained  from  Xatal.  .\t  first 
the  plant  had  its  troubles,  as  is  usually  the 
case,  and  wliite  iron  was  made;  but  in  a 
few  weeks  thi.^  was  corrected,  and  the  plant 
is  now  producing  a  proper  useable  grey  iron. 
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It  is  a  siiimII  plant  according  to  overseas 
standards,  hut  it  is  tlie  hej^inninc  of  what 
will  undoubtt'dly  be  a  verv  important  factor 
in  the  ei-ononiic  life  of  the  eountrv. 

Mr.  I.  Hodges  i  Member):  Can  you  tell 
us  anytlnng  about  Natal  coke,  what 
percentatje  of  ash  and  sulphur  there  is  in  it 
and  how  far  it  compares  with  the  best  bee- 
hive oven  coke?  I  know  it  is  nothing  like 
so  long,  but  it  looks  hard  and  dense,  and 
^rtn;<  Xr-  be  nf  a  fairly  goo<l  quality. 

Prcf.  G.  H.  Stanley:  A  great  many 
sample.-  ot  coke  iiave  been  examined, 
running  all  the  way  from  0"7  to  To  in 
sulphur  and  11  to  10  in  ash  ;  and  even  from 
one  district  coke  is  veiy  variable  in  quality. 
But  it  is  possil)le  by  careful  mining  selection 
and  more  es]>ecially  by  cai'eful  washing  to 
protluce  coke  to  compare  with  ordinary  coke 
in  use  in  England ;  and  although  I  have  not 
seen  anything  to .  compare  with  the  best 
Durham,  for  instance,  a  useful  coke  is  being 
produced. 

Mr.  I.  Hodges:  11  to  16  in  ash  is  A-ery 
high.  It  belies  its  appearance,  evidently, 
because  it  does  not  look  as  though  it  would 
have  this.  You  also  say  sulphiir  from 
0'7V  to  1"5"  .  Perhaps  by  careful  washing 
one  might  get  a  coke  comparable  to  some 
of  the  ordinary  cokes  at  home. 

The   President:      Wliy   did    you    get    the 

lini.'^tdi"-  tiiiiii  Taung^V 

Prof.  G.  H.  Stanley:  It  is  tlie  biggest 
deposit  in  the  country.  Where  it  does  occur 
elsewheie  it  is  in  comparatively  small 
amounts,  at  least,  where  it  is  accessible  to 
the  railway.  It  is  Ijetter  to  get  it  from  where 
there  is  a  big  supply  of  a  gi'ade  which  can 
be  relied  upon  than  to  have  it  conne  from  all 
over  the  country. 

Prof.  J.  A.  Wilkinson  (Past-President): 
I  do  not  til  ink  tluTt-  will  be  any  difficulty  in 
a  short  time  in  getting  the  coke  which  is 
required  in  this  country  for  the  production 
of  iron.  I  have  seen  the  results  of  tests  of 
shipments  wliich  have  been  to  Durham  for 
report :  and  with  careful  washing  the  ash 
can  be  brought  down  to  below  10/  and  the 
sulphur  to  below  the  V/ ,  which  metallur- 
gists ref|uire  for  the  prfKluction  of  pig. 
There  is  a  large  steel  works  in  New  South 
Wales  where  they  are  using  success- 
fully a  coke  which  contains  a  larger  amoimt 
of  ash  than  our  local  cokes.  But  from  what 
Prof.  Stanley  has  told  us,  I  think  the 
analyses  of  Natal  coke  must  be  checked,  as 


his  experience  does  not  bear  out  the  analyses 
which  the  collieries  give.  With  careful 
washing,  however,  they  should  bring  down 
the  asli  content  and  get  rid  of  a  large 
percentage  of  the  suliihur. 

Prof.  G.  H.  Stanley:  Tliere  were  tests 
made  at  home  years  ago  with  Transvaal 
coal  which  were  very  encouraging,  so  that 
it  seems  that  in  future  we  may  not  have  to 
depend  on  Natal  for  our  coke. 

Mr.  H.  A.  White  (Vice  -  President): 
We  must  all  congi-atulate  tlu'  producers  of 
these  pigs,  and  they  ought  to  be  given  as 
much  encouragement  as  possilile  in  sending 
pigs  of  this  sort  to  market. 

Mr.  I.  Hodges:  I  was  not  aware  that, 
except  for  about  10  i)i.  of  Coronation,  there 
was  an}'  coal  which  would  coke  in  the 
Transvaal  or  the  Free  State.  It  seemed  to 
me  that  Transvaal  and  Orange  Free  State 
coals  were  qin'te  impossible  to  coke. 

Prof.  G.  H.  Stanley:  Asli  is  not  so 
important  as  sulphur,  and  there  are  portions 
of  seams  in  the  Middelburg  district  which 
should  A'ield  a  very  fair  coke.  Those 
samples  of  10  tons  each  sent  home  for  trial 
were  reported  on  quite  encouragingly.  The 
product  was  a  very  good  second-rate  coke. 

The  Secretary:  In  this  connection  I  may 
state  that  ]\lr.  Kenneth  Austin  has  been 
kind  enough  to  send  out  from  England  a 
copy  of  "A  Report  on  the  Sovnx-es  and 
Production  of  Iron  and  Other  ^Metalliferous 
Ores  Used  in  the  Iron  and  Steel  Industrv'," 
which  has  been  placed  in  the  Seymour 
^Memorial  Library  for  the  information  of 
those  interested. 

M.\D.\G.\SC.\R    Glt.XPIIITK    PRoDlCTIOX. 

Mr.  T.  P.  Waites  (Member):  I  want  to 
sa}'  a  few  words,  if  you  will  allow  me,  on 
that  old  subject — Madagascar.  I  have 
recently  returned  from  it,  and,  on  receiving 
the  rlournals  of  this  Society  which  had 
accumulated,  I  found  an  extract  in  reference 
to  the  graphite  production  of  Madagascar.* 
I  find  that  graphite  export  from  Madagascar 
was  27,000  French  tons  in  1017,  or  ;-W,000 
Colonial  tons.  Ten  years  ago  it  was  8^  tons, 
so  that  the  industry  has  made  progress, 
especially  in  the  last  10  years,  as  none  other 
lias  of  which  I  liave  any  knowledge.  It  has 
been  employing  several  tho'.i-and  white  men 
and  about  200,000  native  men  and  women. 
It  is  not  underground  work.  It  is  all  open 
work.  This  had  become,  until  a  few  months 

*  See  this  Journal.  July  1918,  p.  7. 
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ago,  tilt'  iiWHt  iiuliistrv  ul  tin-  i-oimtry.  Now 
c'lmu'S  till-  traj^'i'dy  of  it.  On  a('i*<^)Uiit.  cif  tla* 
lai'k  i>t  sliippiiij,'  fat-ilitii's  tlic  niiniii^'  of 
giapliitf  is  |)iactic-ally  stopped.  'J'iic  l)iiyiiig 
aiul  iNpoit  of  it  was  in  tlu-  hands  of  cliicfly, 
( iiiipliiti'S  Maskar  "  (tin-  .Morgan  Crnciblt^ 
Company),  and  foirr  iiinjrinc ,  in  tlic  shape 
of  Uick  of  shi])ping,  eonipelied  tlieni  to  say. 
"Althougli  we  Inive  made  i-ontraets  with  all 
<if  you,  to  buy  your  graphite,  we  are  com- 
pelled to  say  we  will  take  I  ton  where  we 
used  to  take  <)  tons;  while  from  July,  1919, 
we  shall  take  no  moie.  Mauritius  has  3/5, (KK) 
tons  of  last  year's  sugar  erop  still  on  its 
hands.  A  reeord  erop  this  year  is  expected 
to  he  ah<nit  a  (juarter  of  a  million  tons,  and 
the  lm])erial  (iovernment  has  said  it  can- 
not undertake  to  exjiort  a  single  ton.  Hi-re 
We   are    not    feeliniz   tlie    war.    in   the    broad 


sense,  but  it  is  eireuinstanees  like  these  I 
have  brought  to  your  notice  whieh  make  me 
thiid<  we  ure  the  "  most  favoured  nation 
in  this  big  world-crisis.  It  has  been  the 
custom  to  throw  stones  at  various  institu 
tions  the  Chamber  of  Mines  is  one  of  thcMTi 
— but.  to  conu'  back  here  and  find  the  lowest 
grade  mine  working  as  if  there  were  no  war 
on.  and  all  the  people  enjoying  the  comfort, 
the  food,  and  the  high  wages  for  which  this 
countiy  is  noted,  I  regret  that  \vi',  as  a 
Society,  and,  as  a  "  publit  ,"  do  not  realise 
the  tremendmis  amount  of  organisation  the 
Chambi'r  of  .Mines,  through  the  Goveru- 
meiit,  has  brought  about,  which  has  led  to 
such  a  happy  state  of  affairs  in  this  country, 
as  compared  wilh  wlial  I  have  toutid  in 
other  lands. 


THK     PRESIDENTIAL    ADDRESS. 


Hv  H    S.  Mkvki:.  Assor.K.S.M. ,  .M.I..M..M. 


I  propose  to  i)lace  before  your  notice,  in 
a  condensed  fonn,  a  few  notes  relative  to 
recent  progress  in  mining  and  metallurgy  in 
South  .\frica,  with  some  suggestions  in 
regard  to  tlie  direction  in  whicli  members 
of  this  Society  can  advantageously  direct 
their  efforts  in  furthering  the  interest  of  this 
industry,  whicli  we  all  have  at  heart. 

Most  of  you  have  been  intimately  con- 
nected for  many  years  with  the  professional 
side  of  the  industries  from  which  the  Society 
takes  its  name ;  you  are  fully  aware  that 
we  are  credited  by  our  fellow  professional 
friends  in  other  countries,  with  great  conser- 
vatism and  lack  of  oiiginality.  Neverthe- 
less, evei-y  year  something  takes  place  which 
lifts  our  technical  practice  on  to  a  sounder 
footing,  and  I  make  bold  to  say,  very 
frequently  becomes  standard  practice  in 
other  parts  of  the  world. 

The  past  year  has  been  remarkable  in  the 
respect  that  the  Union  of  Soutli  .Africa  has 
become  directly  interested  in  a  number  of 
large  mining  ventures  on  the  Far  East 
Hand,  and  many  who  have  been  accustomed 
in  the  past  to  look  upon  their  employers  as 
residents  of  Europe,  now  find  themselves  — 
in  a  sense — "  civil  servants  "  of  the  Union 
Government,  and  as  employees  of  the 
public,  who  to-day  are  tar  more  directly 
interested  in  mining— partly  by  purchase 
and  partly  through  the  State  interest — than 
they  have  probably  ever  been  at  any  time 
in  the  history  of  this  country.  .-\  closer, 
more  critical  and  more  sympathetic  interest 


in  our  premier  industry  can  therefore  be 
anticipated. 

In  spite  of  the  general  difTiculties  with 
which  we  are  periodically  faced,  accentuated 
by  the  restrictions  necessarily  placed  on 
imports,  there  is  more  activity  in  the  direc- 
tion of  opening  new  mines  than  for  many 
years  past.  New  deep  shafts  are  being  sunk 
on  Sub-Nigel,  on  Daggafontein,  on  Springs 
Mines,  West  Springs  (2).  New  State  .\reas 
(2),  Modderfontein  East  (2),  Brakpan  (2), 
City  Deep,  Robinson  Deep,  Crown  Mines 
(2),  Durban  Roodepoort  Deep,  and  Rand- 
fontein  (2),  whilst  stiU  others  are  projected. 
As  3'et  there  has  been  no  definite  decision 
as  to  the  superiority  of  one  shape  of  shaft 
over  another,  i.e.,  circular  as  against  rect- 
angular. On  the  whole  the  rectangular  still 
predominates,  and  a  most  interesting  dis- 
cussion could  be  raised  regarding  their 
respective  merits  by  the  partisuns  of  the 
two  types. 

The  general  scheme  of  development  shows 
I'ttle  alteration ;  in  mines  where  the  dip  of 
the  formation  is  small,  development  in  the 
fii-st  instance  is  carried  on  bread  lines  and 
subsetiuently  in  a  more  intensive  fashion, 
partly  for  the  purpose  of  mnre  accurate 
valuation  of  ore  reserves,  partlv  to  render 
the  developed  ore  more  accessible  for  sub- 
sequent stoping  and  partly  to  secure  an 
evenness  of  grade,  which  I  fear  will  always 
be  necessary  in  order  to  comply  with  that 
unpleasant  requirement,  viz..  uniformity  of 
monthlv  returns.     I  have  from  time  to  time 
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heard  cngineei-s  express  their  ophiiou  as  to 
the  cost  to  tlie  industry  entailed  by  this 
demand,  and  liave  lieard  it  placed  as  high 
as  2s.  per  ton  milled.  It  seems  a  great  pity 
that  at  a  time  like  the  present,  when  the 
cost  of  gold  pnxluction  is  ever  on  the  in- 
crease, the  industry  should  be  saddled  with 
an  unneces.-iary  burden  of  this  description. 

I  doubt  if  this  subject  ha.s  ever  been  suffi- 
ciently veiitilated.  and  few  realize  the  eti'ect 
on  mining  costs  created  by  the  fact  that, 
in  order  to  maintain  an  average  output  over 
short  periods,  ore  has  to  be  taken  from  an 
enormous  number  of  working  places,  and  it 
is  only  in  exceptional  cases  that  any  proper 
scheme  of  concentration  can  be  carried  out 
under  such  conditions. 

The  system  of  c.irrying  main  collecting 
roads  in  Main  Keef  or  in  the  footwall  con- 
tinues to  be  the  rule  in  mines  where  the 
pressure  resulting  from  great  depths  renders 
it  necessary  to  adopt  this  practice  in  order 
to  maintain  communications;  the  dis- 
advantage of  this  system  lies  in  the  quantity 
of  valueless  rock  that  is  obtained  from  this 
form  of  development.  When  provision  is 
made  to  either  pack  such  waste  underground 
cr  to  take  it  direct  to  the  surface,  this 
sy.>tem  is  beyond  criticism,  but  where  such 
arrangements  are  absent,  the  quality  of  the 
ore  mined  becomes  seriously  vitiated. 

Turning  to  the  subject  of  detail  develop- 
ment, the  practice  to-day  is  to  make  winzes 
and  raises  much  wider  than  in  the  past. 
The  advantages  obtained  are  numerous; 
ventilation  is  improved  and  stopes  can  be 
opened  up  with  greater  rapidity,  and  the 
additional  cost  is  met  by  the  greater  quantity 
of  milling  ore  obtained;  in  fact,  it  may  be 
argued  that  the  width  carried  should,  within 
reasonable  limits,  be  proportional  to  the 
value  of  the  ore  requiring  development. 

Underground  tramming  equipment  of 
heavier  pattern  continues  to  be  installed, 
and  the  general  tendency  is  to  deal  with 
greater  loads  at  moderate  speed,  requiring 
heavy  and  well  laid  tracks.  Longitudinal 
concrete  foundations  for  incline  shafts  are 
gradually  replacing  transverse  wooden  sills, 
which  were  for  so  many  years  regarded  as 
the  standard  support  for  the  pemnanent  way. 
The  use  of  animal  transport  over  short  and 
mechanical  haulages  over  long  distances  is 
making  graflual  headwaj'.  I  am  inclined 
to  think  that  the  value  of  the  former  method 
has  not  yet  been  suflficiently  realized,  taking 
into  consideration  the  saving  of  native  labour 
and  its  relative   cheapness  and   efficiency. 


lmj)rovt'nients  in  stoping  practice  arc 
extremely  slow,  and  there  appears  to  me 
no  evidence  of  increased  efficiency  except 
where  natural  conditions  or  improved  a])pli- 
ances  are  responsible.  One  may,  however, 
express  gratification  that  after  many  years*^ 
search  some  types  of  small  machines,  i.e., 
one-man  machines,  have  been  obtained, 
which,  it  is  fervently  wished,  will  gradually 
replace  the  hammer  boy  and  some  of  the 
heavier  types  of  old-fashioned  rock-drills. 
This  type  of  machine,  generally  known  as 
the  Jack  Hammer,  is  capable  in  trained 
hands  of  drilling  the  same  footage  in  a  shift 
as  half-a-dozen  hammer  boys  under  similar 
conditions.  Without  going  into  details  at 
this  stage,  there  is  no  doubt  that  this  type 
of  machine  has  come  to  stay,  and  those 
engineers  who  have  been  responsible  for  its 
design,  and  the  men  who  have  achieved  its 
practical  application  deserve  the  thanks  of 
the  industry. 

The  removal  of  ore  from  the  ])oint  where 
it  is  broken  at  the  stope  face  to  the  nearest 
collecting  station  still  constitutes  perhaps  the 
iii'-.-t  difficult  undergi'ound  problem.  When 
it  is  realize;!  that  fully  one-tliir;l  of  tlie 
total  underground  native  labour  force  on  an 
average  mine  is  engaged  in  this  apparently 
simple  occupation,  it  will  be  understood  that 
improvement  in  this  direction  is  of  the 
utmost  importance.  Although  numerous  in- 
genious devices  are  frequently  introduced, 
their  nett  effect  is  discouraging.  One  can 
only  presume  from  this  that  as  long  as  the 
native  is  kept  at  one  constant  level,  he  will 
retaliate  with  a  standard  of  work  of  which 
he  is  the  sole  arbiter. 

A  word  must  be  said  on  the  subject  of 
ventilation  and  prevention  of  dust.  These 
subjects  are  being  given  constantly  increas- 
ing attention,  with  conspicuous  success,  and 
underground  conditions,  therefore,  show 
steady  improvement.  Large  sums  have  been 
spent  on  ventilating  fans  and  various  appli- 
ances for  circulating  fresh  and  cool  air ;  the 
subject  of  the  scientific  ventilation  of  mine 
workings  is  more  difficult  than  generally 
realized,  and  more  study  and  care  will  have 
to  be  exercised  in  the  control  of  air  currents 
before  any  tiling  like  perfection  can  be  said 
to  have  been  attained. 

Sandfilling  of  worked-out  areas  continues 
on  a  moderate  scale:  the  use  of  this 
process  could  l)e  extended  with  advantage, 
particidarly  in  mines  near  the  centre  rf 
town,  witli^  till-  object  of  improving  the  value 
of  the  surface.  As  long  as  such  land  is  so 
frequently    affected    by    local    underground 
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falls,  it  I'iiii  sfjirc-rly  In-  i-oiiKitlcicd  att  rat'li\  t* 
Irotii  a  husiiicss  <ir  ii'sulnitiul  stiiiKlpoiiit. 
Apail.  fiiiiM  this,  the  removal  of  larj^'f  saiicl 
ihiiii|is  would  lift'  a  c"oiisi(li'tal)l('  surface 
ana  tit"  stutu-  value,  and  eeitaiiily  iinprov*' 
^'eii.  tal  liviti^f  cMiiuliti<tiis  in  tlieir  neiglibour- 
liood.  It  may  l»e  iiott-d  that  the  cost  of 
-andfilliii^'  throii^'h  Imreholes  has  heeii 
ii'diiced   to  a    viTV   small    H;,'iire. 

'i'he  suhjeet  ot  lioistiuj;  is  more  in  the 
|)rovinee  of  the  meehanieal  and  eleetiieal 
eiif^iiiei'i- ;  it  may  bo  mentionc<l.  however, 
that,  the  teiKleney  is  to  deal  with  heavier 
loads  at  a  moderate  hoisting;  speed.  At 
f)resent  hoisting,'  thron^'h  eiieulir  shafis  is 
done  in  trneks  and  (•a<;es ;  as,  however, 
tlu're  is  no  partii-ular  (ihjeet  in  handling'  the 
ore  earefully,  it  is  (]nite  eeitain  that  we  shall 
in  the.  near  future  see  skips  ruiuiinfj  on  rope 
guides  or  rails,  instead  of  the  conventional 
cat:e,  which  will  he  reser\ed  tnr  haiidliiii,' 
men  and  materials. 

The  subject  of  the  e.\pe<litious  handling 
of  the  imdergrouml  woi'kincj  force  is  one 
which  present  circumstances  are  forcing  us 
to  specially  deal  with.  The  mines,  particu- 
larly on  the  Far  Eastern  Rand,  cover  very 
laru'e  areas,  the  workings  expand  very 
rapidly,  and  become  every  day  more  remote 
from  the  main  shafts.  The  reduction  in 
und(rprountl  woiking  hours  to  48  liours  a 
week  makes  it  highly  important  that  every 
minute  spent  below  the  shaft  collar  should 
be  given  over  to  productive  work,  and  that 
the  energy  and  time  of  the  worker  should 
not  be  unduly  wasted  in  travelling  long  dis- 
tances in  the  mine  on  icKtt.  U])  to  date, 
little  has  been  done  in  the  direction  of  mov- 
ing people  underground  by  mechanical 
means,  and  there  are  numerous  restrictions 
against  this  method,  i.r.,  against  the  appli- 
ances which   are   available  to-day. 

I  have  no  doubt,  however,  that  rapid  im- 
provement in  this  dii'ection  can  be  looked, 
for,  as  well  as  in  improving  tlie  means  of 
moving  about  in  mines  which  are  not  neces- 
sarily large  in  extent  but  present  numerous 
natm-al  dif^eulties  against  reasonably  easy 
and  safe  travelling  conditions. 

Pass  now  from  mine  to  surface,  and  turn 
to  the  preparation  of  the  milling  product, 
where  in  a  number  of  eases  we  reach  ""  no 
man's  land." 

In  my  opinion,  the  metallurgist  should 
take  delivery  of  the  ore  at  the  headgear.  He 
is  on  the  whole  inclined  to  take  it  in  the 
mill  bins.  Between  these  two  stand  the 
eiiisher  and  sorting  stations,  which  as  often 
as  not  seem  to  be  regarded  as  an  impedi- 


!Ment,  preventing  the  <lireet  delivery  from 
headi^ear  to  battery.  1  have  yet  to  see  this 
important  d<'partment  given  the  attention  it 
merits,  and  placed  «lireetly  in  charge  of  u 
man  of  under.-;tanding.  'I'here  are  still  some 
who  insist  that  the  (juartzite  and  slate  form- 
ing till-  walls  and  |)artings  of  the  gold  carry- 
ing portion  of  the  re<-f  miiieil,  which  is 
generally  known  as  waste,  and  is  given  away 
to  the  Municipality  and  {•ontractors  for  roa<l 
making,  is  capable  either  of  earning  a  fjrofit 
or  in  an  indirect  way  assiKts  in  increasing 
the  profit  of  a  mining  company.  To  my 
m.ind,  one  can  equally  well  tdaim  to  draw 
blood  from  a  stoiie  or  turn  lead  info  gol<l ; 
or  it  may  be  expresseil  in  another  way,  viz., 
"  That  which  has  nothing  in  it  is  dear  at  a 
[)enny."'  However  extreme  you  may  con- 
sider my  per-iojial  views,  there  can  be  no 
doubt  that  with  a  few  exceptions,  the  metal- 
lui;,'isr  is  using  his  brains  and  etTorts  to 
extract  gold  from  a  large  rpiantity  of 
material  which  originally  contained  less  of 
value  than  the  residue  he  finally  consigns 
to  the  dum])s. 

On  the  Witwatersrand,  it  may  be  said 
that  as  an  invariable  rule  no  mine  has 
started  production  without  an  adequate  ore- 
reserve.  The  characteristics  of  this  reserve 
were  known  in  absolute  detail,  i.e.,  the 
width  of  the  gold-bearing  banket,  the  widtii 
of  the  intermediate  waste  partings  as  well 
as  tile  width  of  external  waste  which  cf)uld 
reasonably  in  practice  be  expected  to  be 
broken  to  successfully  remove  the  valuable 
banket.  Fair  estimates  are  also  procurable 
of  the  probable  percentage  of  valueless 
material  which  reaches  the  surface  in  a  con- 
dition for  subsequent  rejection.  Granted 
this,  it  is  only  reasonable  to  expect  that  the 
whole  design  of  the  crushing,  sorting  and 
milling  plant  should  be  based  on  mining  con- 
ditions. Were  this  the  case,  I  could  not 
accuse  you  of  crushing  and  cyaniding  enor- 
mous tonnages  of  valueless  road  metal,  and 
of  stating  in  good  faith  that  you  obtain  96% 
extraction  out  of  nothing 

Given  well  designed  and  properly  con- 
trolled ciiishing,  screening  and  sorting  plants 
between  headgear  and  mill,  the  exist- 
ing metallurgical  equipments  erected  on  this 
Rand  to-day  could,  I  have  no  hesitation  in 
statiiiEf.  produce  far  more  gold  and  profit  for 
a  very  limited  expenditure  on  improvements 
in  the  direction  indicated.  The  position, 
however,  is  that  most  plants  have  not  been 
designed  on  this  basis,  and  consequently 
many  mines  are  found  to  be  overstamped 
and  consequently  ovennanned.     They  then 
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become  so  inelastic  that  they  are  unable 
without  most  drastic  methods  to  adapt 
tliemselves  to  the  altered  conditions  brou.^ht 
about  bv  complete  changes  in  underground 
conditions.  There  seems  little  chance  of 
shaking  off  our  heritage,  but  one  may  be 
excused  from  expressing  the  hope,  tliat  the 
many  new  plants  we  expect  to  see  erected 
in  future  will  be  designed  in  such  a  way  that 
they  can  be  adapted  to  meet  the  possible 
changes  in  geological  conditions  which  can- 
not be  foreseen  at  the  time  of  their  erection. 
I  can  see  a  plant  of  the  future  where  the 
stamp  battery  instead  of  being  the  most 
important  means  of  comminution,  is  tlie 
least.  Fines  will  be  by-passed  direct  to 
tube  mills;  double  stage  crushing  and  sort- 
ing enables  the  tube  mill  pebbles  to  consist 
cn'tirely  of  valuable  banket,  a  maximum 
amount  of  waste  is  discarded  and  the  stamp 
battery  has  only  to  deal  with  the  relatively  ] 
small  quantity  of  indeterminate  material. 
The  battery  covdd  always  be  extended  to 
suit  any  irnprovement  in  the  proportion  of 
reef  toVaste.  Metallurgical  efficiency  has 
now  reached  a  point  where  there  i«  little 
scope  for  improvement  in  extraction,  and 
any  advance  must  take  the  form  of  design 
rather  than  practice.  Alterations  must 
therefore  be  somewhat  revolutionary,  and 
aim  at  a  reduction  in  capital  cost  rather  than 
operating  expenses. 

'Sly  original  intention  was  to  review 
very"^  briefly,  some  of  the  technical 
features  of  "this  industry  which  I  hoped 
would  interes:  you,  and  I  find  myself  in- 
troducing subjects  which  to  say  the  least, 
are  controversial.  For  this  I  must  apologise, 
and  at  the  same  time  point  out  that  suffi- 
cient matter  has  been  touched  upon  to  indi- 
cate the  lines  on  which  interesting  papers 
could  be  written,  and  I  ask  those  of  you 
who  are  specialists  in  some  of  these  subjects 
to  come  forward  with  your  views,  so  that 
the  matters  can  be  discussed  in  the  friendly, 
free,  and  professional  style  which-  this 
Society  has  ever  encouraged. 

Although  we  are  proud  of  our  School  of 
Mines  and  its  influence  on  technical  train- 
ing, it  occurs  to  me  that  many  whose  in- 
tion  is  to  qualify  as  mining  engineers 
are  not  sufficiently  acquainted  with  the 
Government  Miners'  Training  School,  and 
to  the  good  results  obtained  from  it. 

It  will  be  remembered  that  the  Govern- 
ment decided  in  1911  to  establish  a  Govern- 
ment Miners'  Training  School  in  order  to 
provide  the   South  African  youth  with   the 


necessary  means,  under  the  most  favourable 
conditions,  for  obtaining  a  course  of  training 
in  wliat  must  W  rci'ogiiised  as  a  skilled 
trade,    \\7...   mining. 

The  st'lienu'  lias  consiiK'rahly  expanded, 
and  there  are  schools  at  tlie  \\dlhuter  and 
liantjes  mines  and  one  in  coursi'  of  erection 
at  M odder  B. 

Young  men  of  good  jjlij'sique  and  reason- 
able education  and  qualifications,  between 
the  ages  of  16  years  and  25  years,  are 
accepted  as  apprentices  for  undeiground 
work  hn-  a  period  of  two  years,  during  wliich 
period  a  progressive  wage  is  paid  as  follows : 
First  six  months  ...  4s.  3d.  per  day. 
Next  six  months      ...     4s.  6d.  ,, 

Next  six  months      ...     4s.  9d.  ,, 

Next  six  months  ...  ;js.  Od. 
Apart  from  wages  there  is  a  scale  of 
bonuses,  so  that  the  industrious  apprentice 
is  able  to  add  materially  to  his  wage.  From 
the  wages  earned  a  certain  amount  is 
deducted  for  board  and  quarters,  medical 
and  benefit  society,  and  recreation  fund,  and 
the  apprentice  is  left  with  £2  or  £3  pocket 
money  per  month.  After  completion  of  his 
two  year's  apprenticeship,  the  apprentice 
receives  preference  over  all  other  candidates 
for  employment  on  the  mines,  at  a  wage  of 
not  less  than  16s.  8d.  per  shift.  I  think 
you  will  agree  with  me  that  such  an  oppor- 
tunity, and  under  such  conditions,  for  learn- 
ing a  skilled  trade,  is  unique  in  the  world 
of  industry. 

At  the  end  of  August  thei'e  were  188 
apprentices  on  the  books  of  the  schools ; 
many  have  already  completed  their  training 
and  are  now  occupjang  remunerative  and 
responsible  positions  on  the  mines. 

Now  the  point  of  importance  to  those  who 
contemplate  giving  their  sons  the  training 
of  a  mining  engineer  is  this.  Whilst  the 
boy  is  3'oung  and  hefty,  he  has  in  the  Train- 
ing School  a  unique  opportunity  of  learn- 
ing in  practice  the  roughest  part  of  mining, 
and  doing  that  part  of  the  practical  and 
dirty  work  which  few  men  have  the  grit  to 
undertake  later  in  their  careers.  Instead  of 
young  fellows  commencing  their  careers  as 
junior  samplers  and  surveyors,  I  offer  the 
advice  that  they  should  learn  the  practical 
side  whilst  their  bodies  and  mind  are  adapt- 
able. They  always  have  a  trade  to  fall 
back  upon,  and  there  is  no  restriction  to 
their  future  progress. 

There  is  jnist  one  more  subject  of  a  more 
general  nature  that  I  must  mention  before 
concluding : 
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()iii  lloii.  \'ii(-rirsi(lciit,  llic  I'ri'sidcnt 
(if  tlif  C'lianihcr  ol  Mines,  lias  Ikh-ii  hiilliaiit- 
K  sin-ft'ssfiil  in  l)riiif,'iii^'  cniployt'i-  and  worU- 
nu'ii  into  (.'lostT  tom-li,  and  a  basis  of  mutual 
undi'istandiufj;  lias  hern  i-ivati-d  i-t|iial  to  that 
known  in  any  otlitT  industry  the  world  ov»t. 
My  ohservations  i'onij)els  nie  to  tlic  o|)ijiion 
that  the  {jjive  has  all  been  on  one  side.  From 
the  employee's  standpoint,  the  Wit wafeis- 
raiid  ean  wtdl  he  ealle<l  The  Minin-,'  I'topia." 
Is  hi',  liowever,  ^'ivin^'  a  fair  return  for  tiu'se 
exceptional  conditions'.'  I  am  in  a  position 
to  follow  ptttciency  ri'turns  from  a  larj^e 
nuud)er  of  mines,  which,  taken  as  a  wholt', 
can  safely  be  regarded  as  rei)resenting 
average  conditions  along  the  lieef;  the  dis- 
concerting feature  revealed  by  sucli  figures 
is,  that  in  spite  of  unlimited  expenditure 
on  improved  appliances,  on  lavish  living 
conditions,  on  better  educatioiial  and  train- 
ing facilities,  and  finally  on  higher  wages, 
there  is  no  evidence  of  improved  etticiency. 
Is  it,  therefore,  too  much  to  ask  the  mine 
worker  of  whatever  grade  to  sliow  some  con- 
sideration for  the  employer,  and  to  endea- 
vour to  give  a  little  in  return  for  benefits 
which  cannot  be  equalled  in  any  other  min- 
ing camp  in  the   world".' 

Mr.  H.  A.  White  (Vice  -  Prcsidcni): 
It  is  imusual,  and  not  quite  in  accordance 
with  precedent,  to  discuss  the  Presidential 
Address,  but  it  is  also  permitted  to  the 
proposer  of  the  vote  of  thanks  to  take  the 
opportunity  of  saying  a  few  words,  and  I 
propose  to  avail  myself  of  that  to-night.  The 
address  has  been  one  of  rather  wider  scope 
than  we  are  accustomed  to,  and  I  think  the 
Society  is  to  be  congratulated  on  possessing 
a  President  who  shows  that  he  has  so  firm 
a  grasp  of  such  a  wide  range  of  subjects  of 
interest  to  the  members  of  this  Society  and 
to  the  public  who  depend  on  the  mines. 
One  or  two  subjects  are  controversial.  For 
instance,  I  have  been  on  the  Rand  sixteen 
or  seventeen  3'ears  and  have  not  yet  met 
with  ■■  waste  free  from  gold,"  and  this 
question  of  waste  elimination  on  the  surface 
is  a  subject — on  the  part  of  mining  and 
mechanical  engineers — generally  handled 
with  more  enthusiasm  tlian  discretion.  Even 
underground  sorting  has  its  pitfalls.  There 
is  one  mine  not  so  ver}-  far  from  here  where 
four  successive  managers  have  said  they 
have  removed  the  '"  waste  packs  "  of  their 
predecessors,  and  put  them  into  the  mill, 
where  they  averaged  nearly  the  same  grade 
as  the  rest  of  the  ore.     ^Metallurgists  have 


gone  into  this  r|uestion,  and  they  know  that 
liiis  waste  whieh  carries  nothing  is  only  to 
lie  found  on  paper.  It  cannf)t  be  found  at 
the  surfac-e  amongst  tlii'  ore  mined  on  tin; 
Witwat-rsrarui.  'I"he  average  resicUu;  may 
be  put  at  ()•;{  dwt.,  and  the  average  of 
waste  value  is  two  to  three  times  that;  and 
the  ditTereJice  as  a  rule  with  our  big  mines 
will  pay  lor  extraction  when  once  allowe<L 
into  th"  stream  of  ore.  I  )eprei-iation  of  ore 
in  depth  has  been  sufficiently  dealt  with 
in  the  Presidential  A<lrlress  <jf  a  sister 
society,  but  there  is  aiK.-ther  important  |)oint 
in  connection  with  depreciation,  ami  that  is 
depreciation  of  the  ore  in  time.  In  the  last 
two  or  three  years  our  gold  has  de{)reciate(l 
very  considerably  because  Governm«'nts 
have  put  on  an  unfair  competitor  in  the 
sluifje  of  vudimited  issues  of  paj)er,  so  that 
instead  of  relying  on  our  gold  to  pnxluce  the 
basis  of  credit,  and  the  means  of  exchange, 
they  have  been  extending  these  issues  at 
such  a  rate  that  the  gold  no  longer  will  pay 
the  same  real  wages  or  procure  the  same 
amount  of  stores  which  are  still  necessary 
to  produce  the  same  amount  of  gold.  There- 
fore we  get  many  suggestions  for  relieving 
the  position,  some  of  them  very  absurd,  as^ 
in  the  way  of  increasing  the  price  of  gold — 
for  the  price  of  gold  in  the  bar  and  in  the 
sovereign  must,  of  course,  equal  one  another. 
There  are,  however,  reliefs  which  the 
Government  could  give  and  which  would 
be  felt  very  directly  on  the  Pand.  They 
could  reduce  some  of  the  excessive  taxation 
where  it  is  most  iieavily  felt  and  let  some 
of  the  other  producers  in  this  country,  who 
are  reaping  the  benefit  of  the  war,  bear  a 
little  of  the  taxation,  and  so  relieve  the 
mines.  I  beg  to  propose  a  hearty  vote  of 
tlianks  to  the  l*resident  for  his  able  address. 

Mr.  A.  Whitby  n'icc-Prcsidrut  >:  I 
sliould  like  to  second  the  vote  of  thanks  to 
the  I'resident.  There  is  one  remark  by  Mr. 
White  which  I  nuist  emphasise.  He  used 
the  word  "  reaping."  Naturally  he  refei's 
to  the  fanning  community  1 

The  vote  of  thanks  was  carried  by 
acclamation. 

The  President:  I  am  extremely  gratified 
at  the  way  in  which  you  have  received  my 
few  remarks,  and  particularly  at  the  way  in 
which  Mr.  White  has  proposed  a  vote  of 
thanks.  I  hope  later  on  to  have  the  oppor- 
tunity of  crossing  swords  with  him  on  the 
much-debated    subjects    brought   forward. 


:?s 
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THE  EFFECTS  OF  DUST  INHALATION 


By  J.  S.  Haldank.  M.D,  F.U.S. 
(Hon.  Member). 


( Print fd  in  Journal,  July,  191S.) 


DISCUSSION. 

The  President:  The  Society  is  honoured 
h\  Itfiiii:  in  :i  ])osition  to  place  amongst  its 
proceedings  the  valuable  paper  submitted 
jointly  to  the  Institution  of  ^Mining 
Engineers  and  this  Society  by  such  a 
<listinguished  authority  as  Dr.   Haldane- 

The  paper  has  been  in  your  hands  some 
time,  and  the  important  experimental  work, 
on  which  the  general  conclusions  are  based, 
has  without  doubt  stimulated  the  interest 
•of  medical  and  mining  men,  and  we  hope 
that  the  former  will  open  tlie  discussion. 
We  miners  are  in  their  liands,  and  it  is  to 
them  that  we  look  for  advice  as  to  the 
remedies  and  conditions  advocated,  so 
tliat.  the  dread  disease  from  which  we  are 
liable  to  suffer,  can  be  combated.  To  us,  to 
a  large  extent,  must  be  left  the  practical 
adaptation  of  the  methods  advocated, 
and  I  can  safely  say  that  any  remedy  in 
technical  practice  which  is  within  the  scope 
•of  the  mining  engineer,  will  be  heartily 
welcomed  and  willingly  supported  in  order 
to  eradicate  or  at  least  prevent,  the  one 
thing  that  gives  our  mines  a  bad  name. 

It  remains  for  you,  in  the  course  of  this 
•<liscussion,  which  I  trust  will  be  of  as  much 
interest  as  the  paper  itself,  to  express  your 
views  as  the  practicability  of  the  proposals 
wliich  Dr.  Haldane  hints  may  be  a  basis 
for  improved  conditions. 

The  Secretary:  A  note  from  Dr.  Haldane 
acconipanii'd  the  paper,  and  in  this  he  says 

the  matters  referred  to  in  the  paper  can 
probably  be  better  discussed  by  your  Society 
than  anywhere  else,  on  account  of  the 
general  interest  in  the  effects  of  dust  inhala- 
tion and  the  wide  experience  of  different 
mining  districts  of  many  of  the  members. 
The  paper  also  indicates  the  possibility  of  a 
new  means  of  preventing  miners'  phthisis, 
atid  this  will,  I  think,  prove  of  interest." 

Mr.  J.  Chilton  (Member  of  Council): 
I  am  sure  we  are  very  greatly  ijidebted  to 
Dr.  Haldane  for  his  paper.  Something  new 
can  always  be  said  on  the  question  of  miners' 
phthisis,  and  Dr.  Haldane  attacks  this 
disease  from  an  entirely  new  standpoint, 
and,  to  myself,  as  an  old  coal  miner  this 
<:'omes    with    particular    interest.     It    seems 


To  u\r  it  Dr.  Haldane "s  premises  are  correct, 
I  shall  have  the  pleasure  of  sending  down 
to  Mr.  Isaac  Hodge "s  coal  mines  three  tintes 
a  year,  the  whole  of  my  underground  staff 
so  that  they  can  get  the  silica  out  of  tlu'ir 
lungs.  It  would  be  quite  a  simple  matter 
to  stimulate  the  lungs  of  the  miners  by  such 
means  as  making  them  go  tlnough  a  coal 
dust  chamber.  We  could  even  spray  our 
stopes  with  some  dust  mixture  of  a  stimu- 
lating character,  or  else  use  some  fonn  of 
earth  in  the  tamping.  In  fact,  if  Dr. 
Haldane 's  premises  are  correct,  in  various 
wa\'s  tile  subsequent  steps  are  quite  praetic- 
able.  I  spoke  to  the  Secretary  of  the  Miners' 
Phthisis  Compensation  Committee,  and  he 
told  me  it  is  quite  a  simple  matter  to  follow 
the  historj^  of  men  who  had  left  here  and 
gone  dovvn  to  the  coal  mines  in  Natal  and 
other  parts  of  the  country.  I  think  it  would 
be  a  veiy  good  thing  if  our  ^line  Managers' 
Association  or  sonif  other  body  would  get 
into  communication  with  the  mine  managers 
on  the  coal  fields  and  follow  up  these  men 
to  see  what  is  the  effect  of  work  on  the  coal 
fields  on  men  who  have  suffered  from 
silicosis.  As  an  old  coal  miner,  I  had  the 
idea  that  the  effect  of  breathing  coal  dust 
is  ceilair.  to  simulate  the  lungs;  while  on 
just  taking  a  cursory  glance  amongst  the 
men  who  have  left  the  coal  mines  in 
England  and  come  to  the  gold  mines  in  this 
country  there  seems  to  be  no  doubt  that  the 
fact  of  a  man  having  been  in  the  coal  mines 
is  greatly  to  his  benefit  when  he  conies  to 
the  gold  mines. 

I  wish  to  move  a  vote  of  thanks  to  Dr. 
Haldane   for   his  remarkable   paper. 

The  President:  On  your  behalf  I  sliould 
like  to  welcome  Dr.  Watkins-Pitchford  (the 
Director  of  the  ^liners'  Phthisis  Bureau)  to 
this  meeting,  and  to  ask  if  he  will  be  good 
enougli    tf)  ^ive  his  views  on    tliis  pajier. 

Dr.  W,  Watkins-Pitchford,  M.D.Lond., 
F.R.C.S.,  Eng.  (Visiior):  Dr.  -J.  S. 
Haldane  s  eomniunication  is  not  only  an 
able  paper,  as  one  would  expect,  but  is  also 
one  which  may  prove  very  valuable.  The 
main  deduction  it  appears  to  invite  i.-;  that,  < 
if  coal-dust,  or  shale-dust,  be  simultaneously 
inhaled  v.  ith  siliceous  dust,  the  last-named 
dust  is  rendered  much  less  noxious  or 
possibly   entirely   harmless 

A  practical  application  of  this  proposition, 
as  it  stands,  to  the  mines  of  the  Eand  would 
be,  of  course,  contingent  upon  the  overcom- 
ing of  many  difKculties.     I  do  not  think  that 
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any  attt'Mipt  sliouKl  lie  iii;hI>'.  at  |.iistiit.  to 
apply  it  ill  its  nuisl  obvious  foiiii.  /.r.,  the 
iuttiit  ioiiiil  I'liiic'liiiifj;  ot  tlic  air  of  oiii-  iiiuli'r- 
i,Moui.<l  working's  with  i-oal-diist .  Tlu-  liiiu' 
f<  r  siu'li  proc'ccluif  will  coiiic  wlu-ii  Dr. 
Haldiiiif's  observations  and  Mr.  Miivroj^or- 
<l!ito's  cxpt'rinu'nts  liavo  In-cn  di'tinilcly  fon- 
firuu'd ;  and  wlu'ii  tlioy  have  also  bofii 
shown  to  l)t'  as  npplii'iible  to  man  as  to 
o.\})frinu'ntal    animals. 

If  one  <if  the  etTocts  of  the  ])resenee  of 
coal-dust  in  the  tissues  of  the  lunj,'s  is  indeed 
to  hasten  the  escape  of  siliceous  particles, 
it  would  seem  justifiable  to  assume  that  its 
inhalation  would  have  a  certain  amount  of 
remedial  as  well  as  preventive  effect  :  in 
other  words,  a  man  with  an  unusual  number 
of  siliceous  particles  in  his  luntj  tissues,  i.e., 
a  silicotic,  should  be  eiialiK'd  to  «,'et  rid  of 
them  more  rapidly  jf  he  inhales  coal-dust. 
An  experimental  test  of  the  soundness  of 
the  theory,  and  of  this  deduction  from  it, 
could  be  made  without  mudi  trouble.  It 
mipht  take  the  form  of  secunng  employment 
for  a  number  of  cases  of  uncomplicated 
silicosis  in  the  coal  mines  of  Northern  Xatal, 
or  Middelburp,  and  obtaining  the  assis;:ance 
of  tile  Medical  Bureau  in  comparing  the  pro- 
press  of  these  cases  with  that  of  a  similar 
number  of  cases  foUowinp  other  occupations.  | 
The  notoriously  low  deatli-rate  from  pul- 
monary tubercvdosis  amonpst  coal  minei'S 
in  all  countries  (to  whicli  attention  was 
called  by  Wainwripht  and  Nicholls  in  lOOf)) 
should  be  an  additional  inducement  for  us 
to  initiate  such  a  test,  and  should  also  en- 
courage v(dunteers  for  the  experiment  from 
among  our  silicotic   miners. 

]>r.  Haldane's  suggestion  that  the 
entrance  of  coal-dust  into  the  lungs  may 
assist  them  in  voiding  any  tubercle  bacilli 
which  might  otherwise  vegetate  there  is 
very  ingenious ;  it  appears  to  me  to  be  the 
most  rational  hyjxitiiesis  as  yet  brought  for- 
ward to  account  for  the  relative  freedom  of 
ihe  coal-miner  from  ]nilmonary  tuberculosis. 
If  the  hypothesis  is  sound,  and  if  by  follow- 
ing the  occupation  of  a  collier  a  silicotic 
miner  could  indeed  -ave  himself  from  the 
•dread -d  tuberculous  -omplication,  humanity 
In  general,  and  the  l old-miner  in  pai-ticular 
will  be  under  a  great  debt  to  the  person  who 
"was  responsible  for  the  suggestion. 

Let  us,  however,  beware  of  an  uncritical 
optimism.  It  is  not  true,  as  many  people 
believe,  and  as  I  myself  believed  until 
recently,  that  coal-mining  does  jio  material 
damage  to  the  hmgs ;  if  coal-dust  inhalation 
be  sntficientlv  lontj-continued.  tlie  relatively 


harmless  condition  ot  aiillirucosi.-i  may  pass 
gradiiully  into  one.  of  definite  and  gross 
fil)rosis.  The  structural  damage  to  the  lung 
pro<liiced  by  the  inhaling  of  coal-mine  dust 
ajipears  to  differ  in  no  essential  from  that 
which  is  eliaractensti(;  ot  uncomplicated 
silicosis;  it  is  merely  a  mata-r  of  degree. 
The  only  vital  distinction  betweeti  the  two 
conditions  is  that  a  fibrosis  due  to  KJlicosiK 
is  unusually  liable  to  tubeicidous  infection, 
whilst  that  <lue  to  anthracosiK  is  not. 
Several  explanations  have  been  offered  for 
this  difference  in  liability,  and  Dr.  Haldane 
has  now  otfi-red  another  one.  Our  record.-; 
at  the  Medical  Hureau,  which  are  now  com- 
plete for  over  2H, ()()()  men,  include  those  of 
many  coal-miiu-rs  who  have  never  w<jrkeil 
in  fjuart/.itic  rock;  several  of  such  men 
afford  (piite  definite  evid»Mices  of  incipient 
fibrosis  of  the  lungs,  and  in  one  case — that- 
of  a  man  who  lias  worked  only  in  the  South 
Wales  collieries  for  "U  years  -the  signs,  both 
auscultatory  and  radiographic,  are  typical 
of  the  primary  stage  of  silicosis. 

In  view  of  the  fact  that  the  inlialing  of 
coal-dust,  like  that  of  siliceous  dust,  can 
give  rise  to  fibrosis,  we  have  \o  ask  ourselves 
whether,  if  we  set  a  silicotic  miner  to  inhale 
coal-dust,  it  will  do  anything  more  than 
assist  him  to  get  rid  of  the  silica,  whilst 
leaving  liis  fil)rosis  either  unaffected  or 
accentuated.  This  is,  of  course,  merely 
speculation,  but  the  discussion  on  this  com- 
munication must  necessarily  be  mainly  of  a 
theoretical  character. 

An  observation  which  has  been  made  by 
Dr.  James  Moir  and  myself  appears  to  be 
of  some  importance  to  this  aspect  of  the 
subject — it  is,  that  there  is  no  constant 
relation  between  the  amount  of  new  fibrous 
tissue  in  the  lung  and  the  number  of  siliceous 
particles  present.  In  areas  of  very  exten- 
sive fibrosis  there  may  be  an  almost  com- 
plete absence  of  quartz  particles.  This 
phenomenon  is  sometimes  esjiecially  notice- 
able in  the  fibrotic  nodules  and  masses 
found  in  the  lungs  of  men  who  have  aban- 
doned mining  for  many  years.  If  siUceous 
particles  were  onginally  present  in  such 
fibrous  tissue,  they  have,  for  the  most  part, 
escaped  and  gone  elsewhere  before  the 
man's  life  came  to  an  end.  We  are  tempted 
to  conclude  that,  even  if  the  excretion  of 
quartz  particles  were  greatly  accelerated  by 
the  inhaling  of  coal-dust,  the  fibrosis  might 
still  continue  for  a  long  time. 

I  th'iik  that  the  natural  excretion  of  quartz 
par.icles  from  the  gold-miner's  lung  is 
pn^bably    a    littl^^    more    actively    earned   ou 
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than  Dr.  HaMane  appears  to  suggest.  The 
expectoration  of  a  coal-miner  is  bhick.  or 
dark-grey,  in  appearance  for  many  months, 
or  even  years,  after  lie  has  abandoned  his 
occupation ;  in  other  words  one  can  .src  that 
the  particles  of  coal  are  being  excreted.  One 
does  not  similarly  see  the  particles  of  quartz 
in  the  expectoration  of  a  silicotic,  because 
they  are  almost  colourless,  but  one  should 
not  therefore  conclude  that  they  are  being 
retained  in  the  tissues  of  the  lung.  It  is 
usual,  when  polarized  light  is  employed,  to 
find  that  some  of  these  particles  have  been 
excreted  into  the  air-cells  and  air-tubes  of 
a  deceased  gold-miner  who  may  have  given 
up  his  work  manj-  months  previously. 

Dr.  Haldane's  s'.iggestion  that  the  pre- 
sence of  silicates  with  crystalline  silica  in  a 
hard  rock  renders  the  silica  relatively  harm- 
less, when  the  dust  of  the  hard  rock  is 
inhaled,  does  not  appear  to  me  to  be  quite 
valid.  The  mortality  from  so-called 
"phthisis"  in  England  and  Wales,  amongst 
granite-cutters,  at  all  ages,  is  in  excess  of 
the  standard  for  all  occupied  males. 

With  regard  to  the  apparent  harmlessness 
of  the  quartz  in  shjile,  to  which  Dr.  Haldane 
draws  attention,  and  which  he  attributes  to 
the  silicate  which  accompanies  the  quartz — 
I  think  that  this  may  possibly  depend  vipon 
the  relatively  large  size  of  the  quartz  par- 
ticles which  are  liberated  when  the  shale  is 
broken.  Sand-dump  dust  is  relatively  inno- 
cuous, whilst  the  dust  of  dried  slime  is 
potent  for  evil.  When  a  quartzitic  rock  is 
fractured  by  blasting,  or  abraded  by  drilling, 
the  siliceous  dust  which  is  generated 
includes,  as  we  all  know,  a  considerable 
proportion  of  excessively  fine  particles :  so 
fin;-  tliat  they  will  float  in  tiie  air  for  several 
hour^.  It  does  not  seem  probable  that  the 
crushing  of  shale  can  give  rise  to  such 
impalpable  and  dangerous  siliceous  dust ;  but 
this  question,  like  most  of  the  other  ques- 
tions raised  by  this  admirable  paper,  should 
h'-  put  tr>  tlif  tfst  of  experiment. 

Tlie  President:  On  behalf  of  the  Society, 
it  gives  me  great  pleasure  to  express  our 
thanks  to  Dr.  Watkins-Pitchfcrd  for  his 
contribution.  He  has  opeiii  d  the  discussion 
in  an  extremely  able  way,  and  apart  from 
that,  it  gives  those  of  us  who  are  not  so 
conversant  with  the  subject,  a  line  of 
thought  which  will  help  us  to  appreciate  the 
whole  motive  and  aim  of  T))'.  Haldane's 
experiments. 

Mr.  J.  M.  Neill  f Member):  To  my  mind 
tlic    subject    matter    of    this    paper    is    the 


foundation    on    which    hopes   of    eradicating 
miner's  phthisis  must   be   built. 

As,  however,  tlie  actions  of  what  ma.y  be 
called  the  beneficial  dust  depend  on  two 
principal  factors,  one  physiological  the  other 
physical,  it  would  be  wise  to  consider  certain 
local  conditions  before  advising  any  miner 
to  try  the  effects  of  diluting  the  harmful 
silica  dust,  by  inhaling  an  atmosphere 
already-  charged  with  grapliite  coal  or  shale 
dust.  Charging  the  lungs  witli  special  pro- 
t-ective  dust  should  not  present  any  difficulty 
as  men  going  to  and  from  work  could  pass 
through  a  dust  chamber  in  a  certain  time, 
and  could  exen  during  shift  go  into  a  dust 
cabinet  containing  a  known  dust  content, 
kept  in  suspension  by  air  jet  or  fan. 

The  local  conditions,  which  may  be  un- 
known to  the  author,  and  upon  which  so 
much  may  depend  are,  a  depth  which  may 
be  as  much  as  over  5,000  ft.  at  which  many 
miners  do  their  work,  the  temperature  of 
the  working  place,  the  quantity  and  quality 
of  the  water  (fog  or  mist)  breathed  as  well 
as  the  silica  dust  which  contains  from  8°/" 
to  7}^  or  more  of  pyrite. 

I  draw  attention  to  those  matters  as 
the  author  has  shown  that  the  epithe- 
lial cells  are  responsive  to  stimulating 
influences,  and  it  may  be  just  possible 
that  the  sudden  increase  of  pressure 
due  to  a  miner  reaching  his  wprking 
place,  5,000  or  more  feet  below  the  surface 
in  a  few  minutes  (and  vice  versa)  will  have 
the  effect  of  destroying  any  such  stimulating 
influence.  There  is  also  the  point  regarding 
the  power  exercised  by  some  solids,  called 
adsorption,  which  seems  to  act  on  the  mole- 
cvdar  surfaces  in  a  manner  more  closely 
allied  to  physical  than  to  chemical  force- 
The  physical  difference  in  trials  made  under 
dry-as-dust  conditions,  and  experiments 
which  may  be  made  here  under  very 
different  phj-sical  conditions  of  temperature 
pressure  and  moisture,  may  tend  to  alter 
the  adsorptive  quality,  especially  in  the 
presence  of  fine  pyrite,  witli  disastrous  effect. 

As  this  is  a  matter  which  concern.-;  tlie 
well-being  of  everyone  in  this  country,  I 
would  suggest  that  this  society  furnish  the- 
author  with  all  available  data  at  its  com- 
mand. He  may  then  be  able  to  prove  that 
such  actions  as  he  has  already  demonstrated 
will  follow  a  normal  course  here  in  spite  of 
local  conditions.  We  will  then,  I  am  sure, 
be  able  to  produce  from  among  our  mining 
members,  men  who  will  make  personal 
trials.  I  have  had  one  official  tell  me  that 
he  is  tempted  to  begin  ah-eady. 
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Oil  tlir  oilier  liiind  it  is  possible  that  our 
niiiiin<4  laws  will  lia\-e  to  lie  altered,  uikI  all 
water  drills  and  spiavs  he  <|oiu'  away  with 
(cxeept  innni'diatelv  alter  hlastiii},'  for  the 
solution  of  harmful  pises)  in  favour  of 
detinitp  proportions  of  henoficial  shale  dust 
of  a  type  that  would  not  injure  our  motal- 
hufjlieal  processes.  The  miner  may  also 
have  to  make  his  journeys  up  and  down  at 
a    reduced    speed. 

The  term  (piaiity  as  applied  to  water 
breathed  includes  l)t)th  its  jihysical  condition 
and  chemical  constitution.  ]  )e]H'nding  on 
the  (piantity  present  and  the  temperaturi", 
it  exists  physically  as  jet,  spray,  mist 
(natural  or  artiticiali  and  as  a(iueous  vapour. 
From  quite  a  munl)er  of  observations  at 
one  mine  7°  at  15'')°  F.  was  the  greatest 
dill'creuce  recorded  between  dry  and  wet 
bulli,  the  general  average  difference  being 
about  '^°  at  7o"5°.  Saturation  is  commonly 
reached  as  the  presence  of  natural  mist  in 
the  mine  indicates.  Chemical  composition 
of  tile  water  depends  upon  the  supply 
available  and  used  at  each  mine  for  damp- 
ing down  rock  and  for  producing  sprays  and 
artificial  mist.  In  some  cases  this  suppW 
is  alkaline,  in  others  acid,  and  naturally 
the  sprays  and  ai'tificial  mists  will  be  of 
similar  character.  ' 

Barometer  readings  at  start  and  finish  of  I 
trip  and  net  time  of  making  trip  in  the  cage 
and  to  the  deepest  workings,  together  with 
dry  and  wet  bulb  readings  would,  if  care- 
fully compiled,  be  of  value  to  the  author. 
Anyone  coming  forward  with  facts  touching 
on  the  above  will  be  hel])ing  to  solve  the 
problem   of   miners'    lung   diseases. 

Mr.  I.  Hodges  ( Member i:  I  read  the 
paper  of  Dr.  Haklane  when  it  was  first 
printed,  and  I  was  very  much  impressed  in 
that  the  results  of  experiments  made  in 
Great  Britain  during  the  last  five  years 
should  have  induced  Dr.  Haldane  to  con- 
sider how  far  shale-dust  as  now  applied  to 
coal  mines  would  be  a  deterrent  to  phthisis 
it  applied  to  gold  mines.  When  I  got  a 
letter  from  the  Secretary  asking  me  to  be 
here  to-night  to  assist  in  the  discussion  I 
took  particular  care  to  be  present,  because 
although  I  have  been  a  member  for  many 
years  I  have  not  attended  the  meetings  as 
Saturday  night  is  not  suitable  for  men  from 
the  country  who  have  to  give  up  the  whole 
of   Saturday   and   Sunday   for  one   meeting. 

As  to  the  reputation  of  Dr.  Haldane,  1 
need  say  nothing.  His  researches  into  the 
best    method    of    detecting    carbonic    oxide, 


often   carried   out    with    considerable   danger 
to  himself,  excited  our  warmest  admiration, 
aiul    when    the    awful    loss   of    life    resulting 
from  coal   mine  explosions  was  forced   upon 
the    woild    b\     the    ("ourrieres    explosion    in 
.March,     I'.IOC),     and     it     became     a    (juestion 
whether    coal    mining    coidd    In-    allowed    to 
continue  on  such  a  vast  scale,  J)r.   Haldane 
again   came   to  the   aid   of   the   coal   mining 
industry    by    assisting    in    the    experiments 
undertaken    by    the    Mining    Association    of 
(iieat   liritain   at   the   request  of   the   Royal 
Commission  on  Mines.     A  great  controversy 
had   arisen   as  to  whether  coal  dust  was  of 
itself  explosive  without  the  presence  of  gas; 
and    as    to    what    would    prevent    coal    dust 
explosions    passing     throughout     the     whole 
mine.         I      advocated      dustless      zones, — 
stretches  in  which  the  road-way  was  arclu-d 
with    brick    and   which    were   kept   clean   of 
dust.     The     Mining    Association    of    Great 
Britain   decided   to   experiment   on   a    large 
scale  and  constructed  a  tube  about  000  ft. 
long  and   Ih   ft.    in  diameter.     They   rigged 
this  up  with   track,   sets  of  timber  and  all 
that   pertains  to  actual   underground   work, 
strewed    it    with    coal    dust,    and    proceeded 
with    tlieir    experiments.       It    was    quickly 
proved   that  coal-dust,   without  any  admix- 
ture of  gas,   was  explosive,      Dustless  zones 
were  foimd  to  be  of  no  permanent  value,  as 
the   "  pioneering  "   wave   from   an  explos'on 
approximating   a   speed   of    1,000  miles   per 
hour  easily  passed  any  reasonable  length  of 
dust-free  zone.     Fi-om  the  investigation  into 
the    Courrieres    explosion    in    the    North    of 
France  it  appears  that  there  were  some  of 
the  roads  which  the  flame  had  not  traversed; 
and  eventually  it  was  ascertained  that  wiu-n 
shale-dust  reached  40V   to  ')()  '  of  the  dust 
in  the  road-way,  the  flames  could  not  con- 
tinue.     It  was  then  suggested  that  collieries 
should    dust    their   road-ways    with    50      of 
shale-dust;       and    the    Mining    Association 
experiments  proved  that  coal-dust  was  thus 
rendered  quite  innocuous  from  the  point  of 
view  of  explosions,  which  entirely  removed 
the  fear  that  had  oppressed  all  managers  of 
coal   mines   from   the   occasional   holocausts 
that     had     occurred     in     connection     with 
collieries.     Then    the    question    arose    as   to 
the  effect  the  silica  in  the  shale  must  have 
on  the  health  of  the  miners.     Dr.   Haldane 
investigated  the  effect  of  this  siliceous  dust, 
and  it  was  found  by  experiments  cairied  out 
at  the  University  of  Sheffield  on  guinea-pigs 
and   other   animals   tliat    it    had    very   httle 
deleterious  effect.     But   beyond  this  it  was 
discovered   that   the   life  of  the  old   colliers 
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was  stt'tklily  increasing;.  On  one  mine  on 
which  I  was  nianajrer  we  had  a  collier  74 
yeai-s  of  age.  who  had  worked  underground 
for  67  years.  A  Scotch  colliery-manager 
cited  a  collier  of  82,  who  commenced  work 
when  he  was  lU.  and  during  tlie  72  years  he 
had  worked  on  the  mine  had  never  had 
more  than  three  weeks  off!  Though  our 
Home  colliers  do  last  this  length  of  time  I 
would  say  their  work  is  certainly  more 
arduous  than  the  work  of  a  miner  in  a  gold 
mine.  I  have  been  in  this  country  for  the 
second  time,  seven  years  now,  and  have  had 
daily  experience  of  the  miners*  duties  here. 
I  find  them  about  consistent  with  the  duties 
of  a  deputy  at  Home,  and  in  no  way  so 
•arduous  as  the  work  of  a  collier  there.  Dr. 
Haldane  has  said  the  question  of  bronchitis, 
etc..  in  the  later  stages  of  the  collier's  life, 
depends  somewhat  upon  the  amount  of 
physical  strain  he  has  had  to  put  into  his 
work  in  earlier  life.  In  my  opinion  the 
health  of  a  gold  miner  depends  pre- 
emhiently  on  adequate  ventilation.  Where 
there  is  a  large  percentage  of  "black  damp"* 
he  breathes  double  the  amount  of  air  which 
would  be  required  if  the  air  was  pure,  and 
in  l)reathing  double  the  amount  of  air  takes 
into  his  lungs  double  the  amount  of  dust. 
One  reassuring  feature  about  gold  mines  is 
that,  ventilation  is  increasing,  and  purer  air 
is  being  ])rovided  at  the  working-faces;  but 
I  am  quite  sure  that  the  ventilation  of  the 
gold  mines  is  still  not  comparable  with  the 
ventilation  of  coal  mines  in  Great  Britain. 
One  of  the  coal  mines  I  had  charge  of  had 
r)00,fX)()  cub.  ft.  of  air  per  miu.,  and  not  only 
passing  through  the  mine  but  a  great  deal  of 
it  passing  through  the  actual  working  places. 
I  was  very  interested  in  what  Watkins- 
J'itchford  said,  but  I  may  mention  that  my 
uncle  started  work  at  seven  years  of  age, 
and  was  daily  in  the  coal  mine,  and  he  had 
no  sign  of  bronchial  trouble  when  he  died  at 
the  age  of  65,  and  this  is  no  infrequent 
thing.  There  are  600,000  colliers  employed 
in  underground  work  in  Great  Britain,  so 
the  data  are  fairly  reliable  and  do  not  allpw 
much  margin  for  error.  The  current  belief 
amongst  colliers,  although  1  would  not  like 
to  go  so  far  as  to  say  coal-dust  makes  a 
man  immune  from  tuberculosis,  is  that  coal- 
dust  in  no  way  assists  tuberculosis ;  but, 
on  the  other  hand,  appears  in  some  way  to 
help    against    the    inroads   of   tuberculosis. 

Dr.  Haldane  in  his  paper  to  the  Institu- 
tion of  Milling  Engineers  on  the  Healtli  of 
Old  Colliers,   says:  — 

Blar-k  damp  is,  as  a  rule,  confined  to  collieries.  — Ed.  Com. 


■■  To  put  the  matter  into  metaphorical 
language,  coal-dust  and  shale-dust,  whvu 
introduced  into  the  lungs,  summon  up  the 
activities  of  thousands  of  tiny  liousemaids, 
who  colbv^t  and  gradually  make  away  with 
tlie  dust.  If  the  quantity  of  dust  inhaled 
is  not  too  great,  therefore,  the  cleaning-up 
process  keeps  pace  with  the  introduction  of 
the  dust,  and  no  harai  results." 

'  Coal-dust  certainly  does  not  kill  genns; 
but  it  has  come  to  be  regarded  by  medical 
men  as  a  preventive  of  phthisis.  It  seems 
probable,  therefore,  that  the  "  housemaid  ' 
cells  which  clear  out  the  dust-particles  clear 
out  at  the  same  time  other  '  foreign  bodies,' 
such  as  tubercle  bacilli.  If  this  is  so,  coal- 
dust  in  moderation  is,  on  the  whole,  and 
despite  explosions,  an  advantage  to  the 
safety  of  colliers." 

■"The  question  whetlier  one  dust  is  not  an 
antidote  for  another  is  now  being  worked 
out — whether,  for  instance,  a  dust  which 
by  itself  would  be  dangerous  would  be 
rendered  innocuous  in  the  presence  of  coal- 
dust.  Thus  the  introduction  of  coal-dust 
into  the  Transvaal  mines  might  result  in 
clearing  out  from  the  cells  of  the  lungs  the 
whole  of  the  dangerous  silica  dust  as  well  as 
other   harmful   matter." 

Some  discussion  has  arisen  as  to  whether 
the  higher  wages  and  better  conditions  of 
the  last  generation  has  given  miners  more 
bodily  strength  to  resist  disease.  Wages 
at  Home  are  so  much  lower  and  the  standard 
of  living  so  much  lower  than  here,  that  if 
this  factor  has  any  vital  effect  South 
Africans  ought  to  have  immensely  the 
benefit.  I  may  sa}'  that  experiments  in  the 
direction  of  Dr.  Haldane 's  suggestions  would 
be  of  very  small  cost.  In  a  colliery  luiving 
80  miles  of  undergiound  roads,  the  actual 
expense  of  dusting  the  whole  of  the  road- 
ways so  as  to  render  explosions  impossible 
does  not  run  to  more  than  about  £40  to  .£50 
a  montli.  The  shale  which  falls  from  the 
roof  is  taken  out  of  the  mine  and  ground  up 
to  run  through  a  mesh  of  about  100  to  1 
inch,  and  the  dust  is  then  distributed  by 
hand,  being  thrown  on  the  roof  and  sides  of 
the  road-ways — shale-dust  clings  even  to  the 
vertical  surfaces.  As  to  its  resistance  to  air 
cuiTents,  experiments  have  proved  that  at 
velocities  less  than  2,500  ft.  per  minute 
shale-dust  is  not  disturbed,  above  which 
speed  it  is  carried  away  by  the  air-current 
as  a  cloud.  During  the  heavy  blasting  of 
gold  mines  it  is  likely  that  the  shale-dust 
from  shale-dusted  roads  and  working-faces 
would  nii.x    witli   llie  fine   quai'tzite  dusts  in 
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till-  air-cunt'iits,  iiiul  thus  iTciito  tlic  rondi- 
tious   (k'siivil    by    Hr.    HaMiiiH'. 

In  n'ttTciu-f  t<i  the  rciiKiiks  of  my  coal 
iiiiiiiuj,'  rolli'a;,'Uf,  I  .■mice  that  thuri'  is  but 
htllo  fhaiicf  (if  a  man  with  silioosis  ^oinp; 
into  H  foal  miiu-  and  ici-ovcriu^',  or  even 
bfinj:;  anu'litiratiMl.  I  have  had  st'Vfral 
silii-otii-  poUl  miners  down  at  tlie  colliery  at 
\'ereeni<::in'T  without  their  reeeivins  material 
benefit ;  ])erliaps  they  were  too  far  ^one 
before  they  came  to  coal  mininfj,  but  I  do 
not  really  see  how  the  small  an<T;ular  particles 
of  silica  already  embedded  in  the  lun<,fs  can 
be  removed  by  any  subse(|uent  inhalation  of 
eoal  dust.  F.ut  I  do  thiidv  that  a  collier 
whose  lunszs  ha\e  l)een  trained  to  get  rid  of 
coal-dust  would  resist  your  cjuartzite  dust 
conditions  better  and  ])ut  up  a  stouter  fir;[ht 
against  phthisis  than  a  man  who  came 
straight  off  the  veld  with  n;>  industrial 
lieritage.  ]Men  vary  enormously  in  their 
ca])acity  to  stand  the  ravages  of  mining,  and 
I  believe  that  a  preliminary  period,  in  coal 
mines  would  in  a  large  measure  give  greater 
resisting  ])ower  than  is  possessed  by  men 
starting  straight  away  in  a  gold  inine. 

It  does  not  seem  to  me  that  the  Rand  has 
ever  made  in  connection  with  the  miners' 
phthisis  problem  anything  like  the  decisive 
experiments  which  the  Mining  Association 
of  Great  Britain  made  in  connection  with 
coal-dust  explosions.  That  Association  went 
to  the  expense  of  a  very  large  sum  of  money 
and  put  its  best  brains  into  the  work,  and 
in  twelve  months'  time  had  found  a  remedy. 
If  a  committee  were  fonned  to  investigate 
Dr.  Haldane's  suggestion,  funds  would  not 
be  a  serious  obstacle ;  I  cannot  see  that  it 
could  possibly  do  any  harm,  and  I  am  con- 
vinced it  has  elements  in  it  of  goo<l ;  and 
when  a  scientist  of  Dr.  Haldane's  reputation 
makes  suggestions,  after  all  the  years  he  has 
spent  in  the  investigation  of  coal  mining 
problems,  the}'  deserve  the  fullest  considera- 
tion on  the  part  of  this  Society,  not  only 
in  debate  but  In  actual  evperiment 


THE    ESTIMATION    OF    INJURIOUS 

DUST    IN    MINE    AIR    BY   THE    KOTZE 

KONIMETER. 


By    John    Ixnes    (Associate). 
(Printed  in  Journal,   March,   19 IS.) 


DISCUSSION. 

Mr.  J.  Hay  ward  Johnson  (Mnnher): 
During  the  discussion  on  Mr.  Innes's  most 
useful    paper,    it  has    been    stated    several 


times,  that  the  status  of  the  dust  sampler 
should  be  raised.  To  attain  this,  I  think 
all  dust  and  air  sam])Iers  should  be  appointe  1 
by  the  (lovennnent  Mining  Engineer  and 
be  directly  responsible  to  him.  This  would 
obviiite  the  possibility  of  ""  sampling  to 
Older."  They  should  be  j)aid  a  uniform 
rail'  of  wage  in  accordance  with  the  respon- 
sii)ility  of  their  positicjii.  Samplers  an-  but 
human,  and  the  line  of  least  resistance  is  as 
likely  to  be  followed  in  their  case  as  in 
others. 

Wliy  should  not  dust  and  air  samplers 
hold  ceititicates  of  competency'.'  An  asstyer 
who  does  the  arudyses  has  to  hold  a  certifi- 
cate. Of  what  use  are  the  most  perfected 
instruments  or  the  most  carefully  performed 
analysis,  if  the  samples  are  taken  in  such 
places  as  would  show  misleading  results'.' 
A  dust  or  air  sampler  should  rank,  at  least, 
on  the  same  level  as  a  shift  boss,  and  be 
independent  of  all  mine  officiah,  to  be  able 
to  cany  out  Regulation  161,  p^r.  10,  of  the 
Mines,  Works  and  Machinery  Regulations 
as  amended   1017. 


NOTES  ON  THE   REMOVAL   (JE   A 
VERTICAL   SHAET   PILLAR. 

By  J.  CiiiLTox  (Member  of  Council). 


( Prit  ted  in   Journal,   June,   1917.) 


DISCUSSION. 

Mr.  J.  Allan  Woodburn  (AH.-^ociaici: 
This  paper  is  most  most  interesting  and 
should  bring  forth  some  discussion  on  the 
question  of  size  of  pillars  necessary  for 
complete  protection  ;  also,  as  to  whether  in 
many  cases,  especially  in  deep  mines  shaft 
pillars  should  not  be  dispensed  with  entirely, 
as  well  as  all  other  pillars  of  solid  reef. 

In  flat  workings  where  the  seam  or  reef 
is  lying  practically  level,  the  shaft  pillar 
will  naturally  be  of  equal  size  on  all  sides, 
unless  some  fault  is  known  to  exist  nearby 
which  might  necessitate  a  modification  of 
the  shape,  but  in  inclined  reefs  the  area  of 
a  suitable  protecting  pillar  must  be  modified 
according  to  the  dip  of  the  formation.  To 
take  an  extreme  case,  if  a  reef  were  dipping 
at,  say,  7")  degrees,  and  a  vertical  shaft 
were  sunk,  say,  .300  ft.  on  the  dip  side  of 
the  outcrop,  so  as  to  cut  the  reef  at  1,000 
or  1,100  in  depth,  then  the  shaft  pillar 
necessary  for  protection  would  be  much 
wider  at  the  level  of  the  shaft  bottom  and 
gradually  taper  right  up  to  surface  in  longi- 
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tiuliual  section,  wliile  in  cross-section  the 
extent  of  the  pilhir  on  the  rise  side  of  the 
vertical  shaft  would  be  practically  equal  to 
if  not  greater  than  the  deptli  of  the  shaft ; 
wiiereas  on  the  dip  side  it  need  not  be  mucli 
more  than  100  ft.  in  length. 

Wiiere  a  reef  is  dipping  at,  say,  30 
degrees,  then  the  pillar  should  be  at  least 
twice  as  large  on  the  rise  side  as  on  the  dip 
side  for  e(]ual  protection,  because  in  strati- 
tied  loruiation  the  strata  tends  to  break  at 
right  angles  to  the  dip,  whilst  on  the  level 
sides  of  the  shaft  it  will  naturally  be  the 
same  on  both  sides. 

The  fact  that  a  large  amount  of  develop- 
ment work  is  usually  canied  out  prior  to 
stoping  being  begun  on  a  gold  mine, 
naturally  establishes  a  shaft  pillar  of  ample 
size  in  the  first  instance,  and  tlie  question 
of  idtimate  area  of  this  pillar  is  not  deter- 
mined until  after  stoping  begins  and  some- 
times not  even  then,  but  until  stoping  has 
been  carried  on  for  some  time.  Now,  if 
sloping  be  carried  on  so  as  to  unduly  reduce 
tile  area  of  solid  reef  especially  on  the  rise 
side  of  a  vertical  shaft,  there  is  more  danger 
to  the  shaft  by  leaving  the  balance  of  the 
solid  ore  unworked  than  by  taking  the  whole 
of  the  reef  out  as  rapidly  as  possible.  If 
enougii  solid  reef  is  left  in  to  protect  the 
-haft  all  is  well,  and  this  ore  can  be  taken 
•  ait  near  the  end  of  the  life  of  the  mine, 
though  the  cost  of  stoping  it  then  will  be 
u'reater  than  it  would  have  been  at  the  begin- 
ning owing  to  the  broken  nature  of  the 
!ianging-wall  all  round.  As  it  is  difficult  to 
decide  on  the  actual  size  for  a  reallv  protec- 
tive pillar  at  3,000  ft.  to  4,000  ft.  m  depth 
with  reef  dipping  at  25  to  30  degrees,  in 
order  to  be  on  the  safe  side  the  pillar  may 
he  of  such  a  size  that  development  to  the 
tioundaries  and  stoping  bade  to  the  shaft 
may  probably  not  mean  much  extra  expense 
n  development  and  delay.  The  danger  of 
leaving  too  small  a  pillar  and  thus  causing 
-serious  trouble  during  the  earlier  life  of  the 
mine  forces  one  to  seriously  consider  the 
idvisability  of  taking  out  the  ore  all  round 
fhe  shaft  as  soon  as  stoping  begins,  that  is  to 
-ay,  starting  stoping  about  1,000  ft.  away 
from  the  shaft  and  at  the  same  time 
'starting  also  at  the  shaft  and  carrying  on 
this  work  simultaneously  so  that  in  as  short 
a  time  as  possible  the  area  of  what  would 
hfive  been  the  shaft  pillar  together  with  an 
additional  area  all  round  will  have  been 
-toped.  This  would  cause  an  even  sub- 
sidence all  round,  and  if  properly  packed 
would  allow  of  settlement  of  the  hanging- 


wall    in    a    ivgular   manner    wiiliout    serious 
break's   in  atiy  <lirection. 

In  the  case  of  the  Soutli  Reef  pillar  in 
the  Village  Main  Heef  shaft,  the  60,000  sq. 
ft.  was  altogether  too  small  and  was  really 
the  cause  of  the  collapse  of  the  lower  200  ft. 
of  the  shaft,  nmch  in  tlie  same  way  as  the 
12  in.  diameter  air  pipe  collapsed  as  the 
result  of  pressure  in  the  sand  filled  area.  In 
the  case  of  the  shaft  the  strata  all  round 
were  tending  to  settlf  ddwii  and  pressure 
was  considerable  all  round,  and  if  there  liad 
been  no  pillar  the  strata  would  have  settled 
gradually  on  the  packs  or  sand-filling,  and 
practically  no  damage  would  have  been  done 
but  tlie  {)illar  tended  to  prevent  the  strata 
subsiding,  and  the  pressure  caused  the 
shaft  to  collapse  just  like  the  air  pipe. 

The  more  one  studies  the  mining  problems 
on  the  Rand,  the  more  one  is  impressed 
with  the  necessity  of  applying  coal-mining 
experience,  and  it  would  be  of  great  benefit 
to  the  mining  community  generally  if  care- 
ful data  were  collected  in  stoping  at  con- 
siderable depths  of  the  amount  of  subsidence 
in  each  stope  and  the  distance  from  the 
face  where  the  greatest  amount  of  settle- 
ment takes  place.  That  is  to  say,  in  stop- 
ing a  reef  about  5  ft.  thick  and  building  pig- 
styes  or  pack-walls,  the  hanging-wall  will 
come  down  until  the  height  between  hang- 
ing- and  foot-wall  will  only  be  about  2  ft. 
6  in.,  and  it  will  remain  at  this  reduced 
width  for  some  considerable  distance,  but 
the  distance  from  the  face  to  where  the 
space  between  foot-  and  hanging-wall  is 
reduced  to  2  ft.  6  in.  will  be  a  variable  one 
according  to  the  angle  the  face  bears  to  the 
line  of  dip  and  the  total  length  of  the  face 
being  worked  in  that  direction. 

In  coal  mining,  as  the  aim  is  to  get  as 
large  a  tonnage  of  round  coal  as  possible  per 
shift,  and  as  excessive  pressure  on  the  face 
tends  to  make  the  coal  liarder  to  mine  and 
also  produces  more  small  coal,  the  question 
of  pressure  and  how  it  can  be  controlled  so 
as  to  relieve  the  face  is  of  paramount  im- 
portance, and  only  by  taking  careful  notice 
of  the  line  of  break  of  the  hanging-wall  and 
altering  the  line  of  the  face,  or  increasing 
or  reducing  the  pack  walls  is  this  regulated, 
and  the  ability  to  thus  regulate  the  system 
of  working  makes  up  a  very  large  proi)ortion 
of  the  value  of  tlie  experienced  coal  miner. 

In     .Mr.     Marriott's     recent     Presidential 
Address   to   the    Institution   of   Mining   and 
Metallurgy,    London,    speaking   of   some   of 
the   improvements  and   changes  which   had 
been  made  in  Rand  mining,  he  says  : 
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'I'lii'    rliaiipi'    was    atYcctcd    tliroii<,'li 

"  the  iippivciiition  of   the   tai-t   that  the 

■■  two   great    braiu-hes   of    niiiiiiig,    coal 

and   metal,   were   not  so  tar  apart  as 

t-iistoni    lia<l    decreed,    and    that    each 

"had   nnieh   to  learn   from   tlic  other." 

Now  the  Rand  has  less  relationship  to 
metal  mining  in  any  other  part  of  the  world 
than  it  has  to  eoal  and  ironstone  mining 
wherever  these  are  being  extracted  from  the 
bowels  of  the  earth,  and  it  would  be  well 
for  the  future  of  Hand  mining  if  this  were 
more  generally  recognised  and  every  en- 
couragement given  to  the  carrying  out  of 
coal  mining  practice. 

Further,  Mr.  Marriott  says:  "Of  sto])ing 
it  may  be  said  that  as  an  art  it  is  dying 
out." 

This  is  rather  a  severe  statement  when 
we  consider  that  the  mining  costs  on  the 
Kand  forai  such  a  large  proportion  of  the 
total  costs,  and  every  effort  should  be  made 
from  the  management  down  to  the  native 
drill  boy  to  resuscitate  and  perfect  this 
dying  art. 

His  further  remarks  show  how  this  may 
be  done,   where  he  says: 

"  The  best  that  can  be  done  to-day  i- 
to   divide    the   work    between    several 

"  skilled  supervisors,  each  of  whom  has 

"  sufficient  time  to  keep  continually  in 
touch   with   every  one   of   the   stopes 

"  allotted  to  him.  It  would  be  his 
particular  business  to  learn  the 
characteristics   of    the    ground    to    be 

"  broken  and  to  vary  the  system 
employed    when   by   so   doing    an   in- 

"  creased  profit  is  shown  by  trial  to  be 

"  obtainable. " 

In  order  to  get  the  full  benefit  of  coal 
raining  practice  the  lay-out  must  be  care- 
fully considered,  and  some  improvements  has 
already  been  gained  by  laying-out  the  main 
levels  in  the  foot-wall  and  taking  out  all  the 
reef  in  the  stopes  without  leaving  any  solid 
pillars.  This  has  led  to  straighter  drives 
and  better  haulage  ways,  but  much  has  yet 
to  be  accomplished  in  stoning  and  breaking 
ground,  and  in  the  regularity  with  which 
pack-walls  and  pigstyes  are  built  so  as  to 
enable  stope-haulage  to  be  conducted  in  a 
more  general  manner  than  at  present,  and 
in  an-iving  at  the  best  angle  of  din  to  main- 
tain the  face  so  as  to  obtain  the  largest 
tonnase  per  shift,  by  taking  full  advantage 
of  the  hanging- wall  pressures  without 
endangering  the  safety  of  the  workmen  in 
the  stope. 


There  is  much  more  in  mining  than  in 
simply  drilling  aiul  blasting,  and  the  heavier 
pressure  now  l)eing  felt  in  the  deeper  mines 
is  bringing  this  home  to  all  concerned,  and 
this.pai)er  by  .Mr.  Chilton  should  enc<)urage 
others  to  bring  iorwanl  papers  descriptive 
of  practical  work  with  the  experii-nce  gained 
tiiereby,  as  only  by  comparing  notes  in  this 
way  will  the  dying  art  of  mining,  as  hinted 
at  by  .Mr.  .Marriott,  i)e  renved  and  the 
future  mining  of  the  gold  reefs  be  niaile 
more  profitai)le. 

The  author  speaks  of  the  danger  of  creep 
and  crush  in  the  Eastern  gold  mines  of  the 
Kand.  where  there  is  a  soft  slate  foot-wall, 
and  there  is  no  doubt  that  if  no  pillars  were 
left  at  all,  and  compressible  pack-walls  were 
built,  these  pack-walls  would  so  relieve  the 
pressure  on  the  foot-wall  that  creep  and 
crush   would  be  eliminated. 

It  is  the  solid  pillars  left  in  the  mine  that 
is  the  cause  of  creep  and  crush,  and  in  deep 
mines  the  enoi-mous  size  of  the  pillars 
necessary  to  prevent  the  effect  of  creep  or 
crush  can  hardly  be  estimated,  therefore 
where  main  haulages  are  to  ho  i-^pt  open 
during  the  life  of  the  mine  thev  had  better 
be  in  the  foot-wall  altogether,  or  if  in  the 
plane  of  the  reef  then  there  should  be  no 
solid  pillar  within  200  ft.,  and  the  sides  of 
these  roadways  should  have  good  pack-walls 
built  systematically  along  the  whole  length. 

It  is  bett-'r  to  allow  the  hanging-wall  to 
come  down  and  settle  on  the  pack-walls 
when  after  a  time  there  will  be  no  further 
movements,  than  to  be  having  con'dnuul 
bursts  at  various  points  and  probably  a 
total  collapse  of  a  considerable  area,  or  the 
continual  upheaval  of  the  foot-wall  along 
the  whole  roadway. 

Mr.  I.  Hodges  (Mcmhcrr.  There  is  a 
growing  tendency  in  coal  mining  to  dispense 
with  shaft  pillars.  ^lany  of  the  deepest 
mines  now  are  starting  work  direct  from  the 
pit  mouth,  and  in  some  of  the  deep  mines 
where  shaft  pillars  were  left  they  have  had 
to  be  removed  in  oixler  to  keep  weight  and 
crush  from  the  shaft.  The  enoitnous  areas 
required  for  shaft  pillars  as  one  get-  to 
great  depths  is  a  deterrent,  and  thev  have 
so  little  real  advantage  that  many  coal  mines 
have  come  to  the  conclusion  that  it  is 
better  to  remove  the  coal  and  bvn'ld  nacks. 
let  them  get  their  weight  on.  and  deal  ^ith 
any  slight  crush  thev  may  have  in  the  .shaft 
in  the  first  stages  of  the  mine  so  as  to  have 
no  further  trouble.  I  am  very  interested  in 
this  question  of  the  advantage  which  would 
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accrue  to  managers  of  gold  mines  from  a 
more  general  appreciation  of  the  effect  of 
weight'  and  conditions  under  which  this  is 
applied  in  coal  mining  at  great  depths 
compared  with  gold. 

The  meeting  then  temiinated. 


Notices  and  Abstracts   of  Articles  and 
Papers. 

CHEMISTRY. 

i  .'TASH      FROM      'vEMEXT      TlANTS.  —  "A      SOUrCC      of 

potash  Nvhich  is  likelv  to  become  an  important 
one,  is  now  being  exploited  in  American  cement 
works,  consisting  in  the  recovery  of  potassium 
sulphate  from  the  dust  arisin.rr  from  the  kilns, 
(lays  and  shales  used  in  cement  manufacture  fre- 
quently contain  as  high  as  '2-o%  of  K,0, 
and  by  suitable  means  this  potash  can  be  volatilised 
and  collected  in  the  kiln  dust,  from  which  it  may 
be   extracted    by    leaching. 

At  the  Riverside  Portland  Cement  Works,  Cali- 
fornia, it  has  been  fouid  possible  to  recover 
66  ^,  of  the  potash  contained  in  the  raw 
materials,  the  product  being  worth  about  2/-  per 
barrel   of   clinker. 

In  order  to  render  the  potash  more  volatile  an 
addition  of  0'8'^A  of  calcium  fluoride  is  made 
to  tlie  raw  mix  for  every  1%  of  pota-sh 
contained  therein.  At  a  temperature  of  1,100°, 
potassium  fluoride  is  liberated,  and  passes 
awav  with  the  dust.  This  compound  is  converted 
into  potassium  sulphate  by  reaction  with  sulphurous 
gases,  calcium  fluoride  "being  again  produced  in 
the  dust.  Considerable  improvements  have  been 
effected  in  dust  collection  by  adopting  the  Cottrell 
electric  dust  precipitator,  by  means  of  which 
80°r.  of  the  potash  volatilised  is  precipitated 
as    dust. 

The  potash  exists  in  the  dust  largely  in  the 
form  of  a  double  salt  of  potassium  and  calcium 
sulphates  corresponding  to  the  naturally  occurring 
mineral  sygenite.  This  compound  is  sparingly 
soluble  in"  cold  water,  but  by  leaching  the  kiln 
dust  at  8.5°  T'.,  about  9o%  of  the  potash 
i.s  dissolved.  The  solution  is  removed  by  means 
of  filter  presses,  and  the  filter  cake,  containing  a 
large  quantity  of  the  calcium  fluoride,  is  returned 
to  the  kiln   for  use  in   subsequent  operations. 

The  solution  is  partially  evaporated  by  solar 
heat,  and  is  finally  concentrated  by  steam  coils 
and  the  crystals  separated.  The  product  is  giving 
success  as  a  material  ready  for  the  manufacture 
of  fertilisers."— .l/»>^  ond  Chun.  Eng.,  1917.  XVI., 
701. —  AnylTfilion  fudii-'t.  find  Mining  Standard,  p. 
97,    Feb.    14,    1918.     (E.    M.    W.) 


B.\sic  Slag  and  Rock  Phosph.ates  ;  Trials  on 
Grassland. — "The  results  are  given  for  the  first 
two  years  of  a  six  years'  comparative  field  test 
of  the  relative  value  of  low  and  high  citric-soluble 
phosphates  when  apnlied  to  grass  land.  A  high- 
grade  basic  slag,  Gafsa  rock  phosphate,  open- 
hearth  bas'c  .=hg  (fluorspar  slag.  45%  citric-solu- 
bility), and  two  low-grade,  high  citric-soluble  slags 
were  compared  on  three  c!ay  soils.  On  all  three 
soils  the "  fluorspar  .'lag  gave  very  satisfactory 
results.  On  only  one  soil  did  the  high  citric-soluble 
slag    give    results    appreciably    superior    to    the    low 


citric-soluble  phosphate.  The  author  advocates 
that,  as  far  as  possible,  open-heaith  basic  slag 
should  be  utilised  for  improving  poor  pasture  and 
meadow  hav  land.  Fineness  of  grinding  is  essen- 
tial."—G.  S.  Robertson,  J.  Bd.  Agric,  1918,  24, 
1077-1086.— Jour.  Sor.  Chem.  Ind.,  March  15, 
1918.   p.   132a.     (A.   W.) 

Distillation  of  Lignite. — "  Efforts  are  being 
made  in  France  to  introduce  the  distillation  of 
lignite  for  tars.  According  to  a  recent  article  in 
La  Xature  the  Societe  de  Distillation  des  Com- 
bustibles, Paris,  is  constructing  an  improved 
Ziegler  type  of  furnace  similar  to  that  used  for 
the  distillation  of  peat,  a  tyjie  yielding  about  7% 
of  tar,  which  is  treated  by  fractional  distillations 
carried  out  in  vacuo,  to  increase  the  output  of 
heavy  products :  followed  by  chemical  purification 
by  washing  with  dilute  sulphuric  acid  and  soda, 
to  remove  the  picolines,  cresols,  etc.  The  crude 
paraffin,  extracted  by  crystallisation  of  the 
heaviest  oils,  is  first  passed  through  the 
filter-press.  The  purification  consists  of  a 
series  of  filterings  in  the  filter-press,  and  melt- 
ings in  light  oil.  The  last  traces  of  oil  are  removed 
by  scrubbing  with  super-heated  steam,  and  the 
paraffin  wax  is  clarified  by  filtering  through  animal 
black.  In  one  place  in  Germany,  where  the  system 
was  adopted,  70  to  80%  of  marketable  products 
were  obtained  from  lignite  tar,  viz.,  15  to  20%  of 
paraffin  wax ;  5  to  20%  of  kerosene ;  5  to  15% 
of  creosotes  and  organic  acids  ;  the  remainder  being 
light  products,  petrol,  etc.,  or  heavy  products  such 
as  gas  oils  and  lubricating  oils." — Indian  Engineer- 
ing,  March   23,   1918,   p.    16.3.     (.J.    A.   W.) 


Detection  of  Selenium  in  Sulphuric  Acid. — 
"  If  a  small  crystal  of  aspidospermine  is  added  to 
a  few  drops  of  sulphuric  acid  containing  selenium, 
and  the  mixture  then  heated  until  fumes  appear, 
the  crystal,  and  afterwards  the  whole  mixture,  is 
coloured  an  intense  violet.  A  coloration  is  not 
obtained  in  the  ab.sence  of  selenium,  but  a  red 
coloration  develops  if  the  acid  contains  an  oxidizing 
substance  such  as  lead  peroxide  or  potassium 
chlorate.^ — L.  P.  J.  Palet,  Ann.  Chim.  Annh/t.. 
1918.  2.3,  25-26.— Jour.  Soc.  Chem.  Ind.,  March  30, 
p.    147a.     (A.    W.) 


Pulverised  Coal. — The  use  of  pulverised  coal 
is  spreading  in  the  I'nited  States.  According  to 
a  pamphlet  by  Mr.  H.  G.  Barnhurst,  of  the  Fuller 
Engineering  Company,  Allentown,  Pennsylvania, 
the  quantities  used  annually  in  various  manufac- 
tures are  as  follows  : — In  the  cement  industry, 
6,000,000  tons ;  in  the  steel  and  iron  industry, 
2,000,000  tons ;  in  the  production  of  copper, 
1,500.000  tons;  and  in  the  p-eneration  of  power, 
100.000  tons  to  200.000  tons.  To  attain  success  the 
coal  must  be  dried,  crushed  and  pulverised  until 
95  per  cent,  will  pass  through  a  100  mesh  sieve, 
having  10,000  openings  to  the  square  inch.  A 
cubic  inch  will  contain  over  200,000,000  particles, 
none  of  which  will  be  greater  than  one-hundredth 
of  an  inch  cube,  and  a  large  percentage  less  than 
one  six  hundredth  of  an  inch  cube.  So  far  pulver- 
ised coal  has  not  made  much  progress  for  steam 
raising,  as  considerable  expert  knowledge  is  required 
to  obtain  satisfactory  results.  However,  there  are 
some  installations,  and  tho  Puget  Sound  Traction, 
Light  and  Power  Company  is  putting  down  an 
equipment  for  operating  a  battery  of  Babcock  and 
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Wiliiix  bi)ilfis  eiiualliiii,'  1,100  rated  boiler  luuse- 
powtT  .it  '.'OO",.,  ratiiij;;."  I lulinn  Kmiinivriii'i .  April 
ti.    1!)18,    p.     191.      (J.    A.    W.) 

I)KTF.ft.MIN.\TION    OK    No.V-SlLl'HrDK    COPI'EIl.  —  "The 

method  is  applicable  to  the  determination  of 
oxidi.^od  copper  ores  and  native  copper  in  pitsence 
of  sulphide  ores.  It  depends  on  the  solution  of 
tlio  oxidised  copper  in  sulpluirons  aiid.  The 
sample  must  be  very  finely  powdered  and  thoroughly 
agitated  with  the  sulpliurons  acid  solution  for  at 
least  half-an-hour.  After  this  treatment,  the 
residiies  hlter'nl  off  and  washed  witli  water  eon- 
taining  sulphur  dioxide  in  .solution.  For  most 
purposes  a  3°,  solution  of  sulphurous  acid  is  most 
effeetive  and  it  is  most  conveniently  prepared  from 
the  liquid  sulphur  dioxide  supplied  in  steel 
cylinders.  The  copper  in  the  filtrate  may  be 
determined  electrolytically  or  otherwise.  It  is 
stated  that  copper  sulphides  are  quite  unattacked 
by  tliis  treatment."-— .l///(//(</  mid  Scli'iifitir  /'re.s.s, 
March  9,    1918,    pp.    339-  .340.      (H.    R.    A.) 


Sei'araiiox  ok  Coiu'ER  FROM  Arsenic,  ETC. — "The 
mixed  sulphides  are  digested  with  a  reagent  pre- 
pared by  saturating  a  12%  .sodium  hydroxide  solu- 
tion with  hydrogen  sulphide  and  adding  to  each 
litre  400  cc.  of  40%  sodium  hydroxide  solution. 
Mercuric,  arsenic,  antimony,  and  tin  sulphides 
dissolve,  whilst  lead,  bismuth,  copper  and  cadmium 
sulphides-  remain  insoluble.  The  latter  art 
separated  by  filtration.  The  filtrate  is  treated 
with  a  quantity  of  anmionium  carbonate  sufficient 
to  precipitate  the  mercury  completely,  and,  after 
this  has  been  removed,  the  solution  is  acidified  with 
hydrochloric  acid.  The  precipitated  arsenic,  anti- 
mony, and  tin  sulphides  are  collected,  treated  with 
20  cc.  of  concentrated  hydrochloric  acid,  and  the 
mixture  is  warmed  until  vigorous  e\olution  of 
hydrogen  sulphide  ceases.  Arsenic  sulphide  is  not 
dissolved  by  this  treatment  :  after  the  solution 
containing  the  tin  and  antimony  sulphides  has  been 
separated,  the  arsenic  sulphide  is  dissolved  in  am- 
monia and  the  solution  neutialised  with  nitric  acid; 
a  yellow  precipitate  forms  which  is  dissolved  by 
boiling  with  nitric  acid,  ai  d  the  solution  is  treated 
at  8.5°  r.  with  an  excess  of  ammoniimi  molybdate. 
With  a  large  amount  of  arseni?,  a  vellow  prec'i.itjte 
forms  at  once,  but  with  traces  half  an  hour's  heat- 
ing mav  be  reouired  to  obtain  a  precipitate."  — 
M.  r.  "Sneeo.  /.  Amer.  Chun.  Soc.  1918,  ^0, 
187-191. — Journal  of  the  Societ>/  of  CJte.micil 
Industry,    March   30,    1918,    p.    168a.     (A.    W.) 


Separation  of  Nickel  and  Copper  by  Means  of 
DniETHYLGLYOXiME. — "Treat  the  solution  contain- 
ing Xi  and  Cu  v.ith  XaK  tartrate  in  quantity  suffi- 
cient to  keep  the  Cu  in  solution  when  the  mixture 
is  rendered  alkaline,  and  precipitate  the  Xi  by  the 
addition  of  1%  alcoholic  dimethylglyoxime  solution 
and  XH,OH.  Filter,  dissolve'  the  precipitate  in 
hot  dilute  HCl,  and  reprecipitate  the  Xi  by  the 
addition  of  XaK  tartrate,  dimethylglyoxime  and 
XH,OH.  Then  precipitate  the  Cu'  as  sulphide 
from  the  filtrates." — H.  Grossmann  and  J.  Mann- 
HEni,  Z.  angew.  C/ietn.,  flO,  I..  159-60  (1917)  ;  J. 
Cficm.  Soc,  112,  II.,  512. — Chemical  Ah^trart^, 
April  10.   1918.  p.   658.     (-J.   G.) 

Determination  of  Sclphcr  in  Pyrtte.  — 
"  About  OS  gm.  of  the  finely  powdered  sample  is 
oxidized    with    nitric   and    hydrochloric    acids,    or   is 


fused  with  a  mixture  of  Hodiuni  carbonate  and 
potassiimi  nitrate,  and  after  separation  of  silica  in 
the  usual  way,  the  8ul|thuric  acid  in  precipitated 
directly  from  the  hydr<jcldorie  acid  Holution  witin»iit 
pi'cviously  removing  the  iron.  The  solution,  which 
should  contain  from  30  cc.  to  50  cc.  of  6A'  livdio- 
chloric  acid,  is  diluted  to  700  ic,  heated  to  boiling, 
and  40  cc.  of  10",,  ijarium  chloride  solution  diluted 
with  100  CI-.  of  boiling  water  is  added  slowly  while 
the  mixture  is  stirred.  After  15  hours,  the  barium 
sulphate  is  collected,  washed  with  water  containing 
hydrochloric  acid  and  barium  chloride,  then  with 
hot  water,  dried,  ignited,  and  weighed.  I'nder 
these  conditions,  the  presence  of  ferric  chloride  does 
not  affect  the  accuracy  of  the   results  obtained." — 

7..      KaR.\OC,T,  \NOW,      ANU      P.      AND      M.       DiMITROW, 

;:.  anal.  Chom..  1917,  ',0,  561-568.— ./o»/r.  Son. 
Chem.    Ind..   April  30.  1918.  p.   204a.     (A.   W.) 


Determination  of  Chlorates  ani»  Hypo 
CHLORiTES. — "  A  suitable  quantity,  f.g.,  10  cc.  of  a 
solution  contaiin'ng  about  0'5'^,  of  potassium  chlor- 
ate and  calcium  hyf)ochlorite.  is  diluted  to  100  cc. 
in  a  large  stop[)eied  flask,  2  gm.  of  potassium 
iodide  is  added,  the  solution  is  acidified  with  dilute 
acetic  acid  and.  after  5  minutes,  titrated  with 
thicjsulphate  solution ;  this  titration  gives  the 
amount  of  hy[)ochli/rite.  Another  portion  of  10  cc. 
of  the  solution  is  treated  in  a  stoppered  fla.sk  with 
1  gm.  of  potassium  bromide  ancl  30  cc.  of  c<m- 
centrated  hydrochloric  acid :  after  15  minutes, 
150  cc.  of  1%  potassium  iodide  scjluticjn  is  added, 
the  mixture  is  shaken,  and  titrated  with  thicjsul- 
phate solution.  The  difference  between  the  two 
titrations  is  a  measure  of  the  amount  of  chlorate 
present."— E.  Rvpp,  Z.  anal.  fh<,n..  1917.  .',i;. 
586-586.— ./rti//-.  Sor.  (hem.  Ind..  April  30,  1918. 
205 a.     (A.  W.) 


Detection  of  Vanadiu.m. — "A  scjhition  of  02 
gm.  of  diphenylamine  in  100  cc.  of  water  in  pres- 
ence of  hydrochloric  acid  gives  a  violet  coloration 
w'ith  aqueous  solutions  of  vanadium  compounds. 
The  coloration  is  unaffected  by  the  presence  of 
nitrates,  iron,  or  titanates,  and  the  test  will  detect 
the  presence  of  vanadates  in  solutions  of  0'0002°o 
strength." — V.  L.  Meaurio.  Anal.  Sor.  Qtiim. 
Ar</entina.  1917.  .7.  185-189.— Jour.  Soc.  Chem. 
Ind.,  April  30.  1918,  p.  221a.     (A.  W.) 


METALLURGY. 

Electric  Zinc  in  Utah. — "  The  process  used  by 
the  .Judge  Mining  and  Smelting  Company,  Park 
City,  Utah,  for  the  production  of  electrolytic  zinc 
is  as  follows  : — The  zinc  concentrates  produced  at 
the  company's  concentrator  contain  some  lead  and 
silver.  They  are  treated  first  in  a  Wedge  roasting 
furnace.  The  roasted  ore  is  then  leached  by  agi- 
tation with  an  8%  sulphuric  acid  solution  in 
Deveroux  vats.  The  leach-vat  product  is  dis- 
charged to  classifiers  for  the  removal  of  the  coarse 
insoluble  material.  The  solution  and  fine  suspended 
solids  which  flow  from  the  classifier  are  treated 
in  a  Dorr  thickener,  the  underflow  from  which  is 
sent  to  an  Oliver  filter.  The  coarse  and  fine  solids 
thus  recovered  from  the  classifier  and  filter  are  sold 
to  lead  smelters  for  the  recovery  of  lead  and  silver. 
The  leach  liquor  contains  impurities  in  the  form  of 
copper  and  cadmium  which  are  dissolved  from  the 
ore,  and  these  are  removed  before  the  zinc  is  re- 
covered. The  removal  of  impurities  is  accomplished 
bv  passing  the  liquor  through  tube  mills  filled  with 
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zinc  shot  on  which  the  copper  and  other  metals  are 
precipitated  in  spongy  form.  The  solution  flowing 
f  om  the  tube  mills  is  filtered,  and  is  then  ready 
for  treatment  in  the  electrolytic  cells.  The  cell 
room  contains  120  cells  arranged  in  two  groups  of 
GO  each.  Each  group  is  served  by  a  generator 
delivering  5  000  amperes  at  250  volts.  Each  cell 
carries  12  aluminium  discs,  5  ft.  in  diameter,  moun- 
ed  on  a  rotating  shaft.  Alternating  with  the  alu- 
minium cathodes  are  13  lead  anodes,  which  are 
supported  independently  of  the  shaft.  Zinc  is 
deposited  on  the  rotating  cathodes,  and  in  the 
course  of  about  three  weeks  each  cell  of  12  discs 
collects  about  5,000  lb.  of  zinc.  The  loaded  shaft 
is  removed,  the  zinc  stripped  and  the  shaft 
reassembled  for  return  to  the  cell.  The  electrolytic 
zinc  is  melted,  into  cast  cakes  and  marketed.  The 
electrolyte  is  again  used  in  leaching  roasted  ore." — 
f.  A.  Jf.xxsEX. — Indian  Enijimtring,  Feb.  23,  1918, 
P.  107.     (J.  A.  \V.) 

TiTAXiVM  IX  Steel  Productiox. — "  The  use  to 
which  titanium  is  put  is  in  the  removal  of  nitrogen 
from  steel  because  nitrogen  tends  to  make  steel 
brittle  and  favours  the  segregation  of  phosphorus 
and  sulphur  in  the  steel.  At  a  temperature  of 
800°  ('.  titaniimi  combines  with  nitrogen  to  form 
titanium  nitrides,  which  may  be  removed  leaving 
the  steel  free  of  this  element.  The  pure  titanium 
cannot  be  used  for  this  purpose  on  account  of  its 
low  melting  point  and  low  specific  gravity  :  there- 
fore among  other  combinations,  what  is  employed 
as  the  best  is  an  alloy  of  titanium  and  iron  in 
which  the  percentage  of  titanium  ranges  from  10 
to  15,  and  known  as  ferro-titanium.  One-half  per 
cent,  of  this  alloy,  that  is,  only  V7  lb.  of  titanium 
per  ton  of  steel  produced  is  sufficient :  it  will  keep 
the  steel  ductile,  prevent  segregation  of  the  sulphur, 
phosphorus  and  carbon,  concentrate  the  blow-holes 
in  the  pipe  cavity,  and  improve  the  working  of  the 
steel  in  the  rolling  mill.  The  alloy  is  added  just 
as  the  steel  run.?  into  the  ladle,  when  on  instanta- 
neous reaction  occurs  and  after  a  short  time  the 
slag  formed  by  the  reaction  (chiefly  titanic  oxide) 
rises  to  the  surface.  It  is  thus  a  valuable  element 
in  the  production  of  steel  rails,  particularly  the 
rails  laid  in  position  where  wear  is  excessive,  the 
loss  by  abrasion  being  only  one-third  of  that  in 
Bessemer  rails.  It  must  be  noted,  however,  that 
open-hearth  steel  does  not  appear  to  benefit  as  much 
by  treatment  with  ferro-titanium  as  Bessemer  steel 
does.  Steel  bars  treated  with  it  show  increa.sed 
strength  and  an  improved  .'•tructure  of  a  fibrous 
texture  similar  to  that  of  forged  iron.  Titanium 
also  improves  copper  castings;  if  4%  to  1%  of  an 
alloy  of  copper  and  titanium  containing  from  5% 
to  12'^o  of  titanium  be  added  to  molten  copper,  it 
can  be  cast  in  sand  without  difficulty,  absorbed 
gases  and  oxide  are  eliminated  and  the  metal  is 
given  a  close-grained  dense  structure  free  from 
blow-holes.  Added  to  aluminium  bronze  it  makes 
it  equal  to  a  phosphor  or  manganese  bronze  in 
strenfjth.  In  the  form  of  '  titanium  thermit,' 
which  is  a  finely  powdered  mixture  of  metallic 
aluminium  and  oxides  of  titanium  and  iron,  it  is 
enclosed  in  a  tin  and  introduced  into  the  ladle  for 
the  same  purpose  and  with  the  same  results  as 
ferro-titanium.  Pure  titanium,  which  has  a  melt- 
ing point  of  about  1,850^  C.  and  a  specific  gravity 
of  5' 17,  does  not  appear  to  have  been  put  to  any 
industrial   use. 

Iron  ores  containing  titanium  are  not  easy  to 
smelt,  nor  is  the  product  of  good  quality.     The' slag 


is  pasty,  larger  quantities  of  fuel  are  consumed 
and  aggregations  occur,  of  titanium  nitride  and 
nitrocyanide  in  the  furnace  which  make  working 
difficult.  Many  attempts  have,  however,  been  made 
to  utilise  such  ores,  but  with  varying  success.  For 
example,  in  1914  an  attempt  was  made  to  utilise 
the  Sanford  Hill  ore  which  consists  approximately 
of  two-thirds  ilmenite  (a  titanium  ore)  and  one- 
third  magnetite.  By  special  treatment  a  concen- 
trate was  obtained  containing  about  55%  of  iron 
and  ll5°o  of  titanium.  This  was  smelted  in  a 
blast  furnace  with  magnetite  in  proportions  varving 
from  l/16th  to  5/16th  of  the  total  charge  and  in 
the  result  it  was  found  both  that  the  slag  was 
quite  fluid  and  the  consumption  of  fuel  normal. 
With  small  percentages  of  titanium  in  iron  ore, 
say,  7°o  or  8%,  fairly  good  results  have  been 
obtained,  more  especially  in  the  electric  furnace, 
and  as  there  are  in  existence  enormous  quantities 
of  such  ores  a  good  field  is  offered  for  developing 
commercial  methods  of  utilising  them.  Titanium 
carbide  has  been  used  to  a  small  extent  as  an  elec- 
trode for  arc  lighting  ;  the  light  is  of  high  candle- 
power  but  is  yellow  in  colour  and  expensive. 
Titanium  has  also  been  tried  in  a  limited  way  as 
a  filament  in  electric  glow  lamps  and  is  said  to 
give  a  high  candle-power  efficiency  and  to  be  less 
sensitive  to  variations  in  voltage  than  other  fila- 
ments. The  ore  has  been  used  in  minor  ways  also, 
such  as  for  the  production  of  pigments,  for  giving 
a  soft  yellow  colour  to  glazed  tiles  and  in  the  manu- 
facture of  artificial  teeth.  Its  salts  are  sometimes 
used  as  a  mordant  for  textiles  and  in  the  form  of 
titanium  potassium  oxalate  it  is  used  on  a  fair 
scale   for  staining  and   dveing  leather. 

Though  not  found  in  the  metallic  form  in  nature, 
the  dioxide  (TiO,)  is  very  widelv  distributed  in 
two  forms,  rutile  and  ilmenite.  Entile  occurs  in 
masses  in  various  rocks,  its  colour  ranges  from 
yellow  to  reddish  brown  or  black  and  it  contains 
98%  to  99%  of  titanic  oxide  and  1%  to  2%  of 
ferric  oxide.  Ilmenite  or  titaniferous  iron  ore  is 
an  iron  black  mineral  occurring  massive  or  in  the 
form  of  thin  plates  or  grains.  It  contains  5r7% 
of  titanic  oxide  and  47'3%,  of  ferrous  oxide.  Among 
countries  where  titanium  is  utilised  to  any  extent 
are  Norway  producing  mostlv  rutile  and  Canada 
producing  mostly  ilmenite.  In  the  United  States 
both  rutile  and  ilmenite  are  mined  but  to  a  small 
extent  only.  India  and  Ceylon  produce  ilmenite 
from  what  are  known  as  monazite  sands  occurring 
so  far  as  India  is  concerned,  chiefly  in  Travancore. 
The  Gold  Coast,  Nigeria,  Nyasaland,  Queensland, 
S.  Australia,  W.  Australia  and  Tasmania,  are  also 
producing  countries." — Indian  Engineering,  Feb.  2, 
1918,  p.  68.     (J.  A.  W.) 


Composition  of  Portland  Cement. — "  Portland 
cement  consists  essentially  of  a  mixture  of  lime  and 
silicate  of  almumina  which  has  been  burned  to  a 
temperature  of  about  1,500  deg.  C,  the  proportion 
being  VI  parts  by  weight  of  lime  to  1  part  of 
silica  plus  alumina  (and  iron).  Sir^e  its  discovery 
speculation  has  always  been  rife  amongst  chemists 
as  to  its  chemical  composition,  and  it  might  be 
expected  that  a  true  explanation  of  this  problem 
would  be  of  great  value  in  fixing  the  most  favour- 
able conditions  for  its  manufacture.  Until  recent 
years,  however,  the  tendency  had  been  to  regard 
the  matter  too  closely  from  the  point  of  view  of 
chemical  equations,  the  physical  side  of  the  ques- 
tion being  almost  entirely   overlooked. 

Of   the  compounds   likely  to   be   formed,   tricalcic 
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silii-ate,  diralivc  silicato,  and  tiiialcic  aluiiiiiiato 
liavo  Iti'fii  coiisidt'iH-cl  tlu'  ninst  iinpni'taiit ,  and, 
aorurdiiii;  to  (  hatolier.  the  cement  forming;  pioiicr- 
tics  aro  due  to  tlie   presenee  of  the   first  named. 

Witli  the  develojiment  of  the  jihaso  rule  and  the 
a.ssistaiue  whieli  the  study  of  coolini^  curves  and 
microstructuie  ha.s  afforded  in  attackiu):;  problems 
associated  with  reactions  wiiich  ^o  on  when  differ- 
ent substances  are  melted  tos^ether,  due  allowance 
is  now  beinu;  made  for  considerations  of  physical 
charaiter.  Thus  it  is  now  understood  that  althoutrii 
a  com|)ouiui  exists  having  an  empirical  formula 
represented  by  AIJ,  we  may  have  to  reckon  with 
solid  solutions  of  AB  dissolved  in  A,  A  dissolved 
in  AB,  and  also  AB  dissolved  in  B,  and  B  dis- 
solved in  Ali,  whilst  at  the  same  time  we  may  have 
entectit'  mixtures  of  pairs  of  these  solid  solutions. 
Certain  othei-  considerations  may  be  involved  if  at 
a  definite  temperature  the  compound  AB  under- 
goes decomposition   or   dissociation. 

Each  of  these  principles  must  be  allowed  for 
with  further  complications  when  we  are  dealinjj 
with  a  system  comprising  three  constituents  such 
as  tricalcic  silicate,  dicalcic  silicate,  and  tricalcic 
aluminate. 

At  the  Carnegie  Institution,  Washington,  this 
aspect  of  the  subject  has  been  studied  in  a  very 
comprehensive  manner,  and  Rankin  has  described 
the  results  of  the  researches  carried  out  in  con- 
nection with  which  no  less  than  1,000  different 
mixtures  \vere  examined.  The  work  goes  to  show 
that  tricalcic  silicate  is  the  constituent  which 
hardens  and  gives  the  greatest  strength  within  a 
reasonable  time,  but  that  in  an  average  Portland 
cement  this  constituent  only  exists  to  the  extent  of 
30%  to  35%.  In  order  to  determine  the  most 
economical  means  whereby  this  constituent  may  be 
produced  in  the  largest  proportion,  it  will  be  neces- 
sary to  study  the  rate  of  formation  of  this  consti- 
tuent in  a  series  of  mixtures  and  the  conditions  of 
eiiuilibrium  of  such  mixtures  at  high  temperatures. 

In  the  experiments  made  the  mixtures  were  all 
fused  in  the  electric  furnace,  and  consecjuently  it 
may  be  assumed  that  complete  equilibrium  was 
obtained  in  each  case.  In  actual  practice  the 
materials  never  reach  this  stage,  since  they  are  only 
heated  to  a  tem))erature  which  causes  sintering  or 
incipient  fusion  to  take  place. 

Inder  such  conditions  it  is  to  be  expected  that 
in  the  case  of  the  coarser  particles,  mainly  lime- 
stones, the  conditions  existing  near  the  surface 
will  correspond  to  an  equilibrium  in  which  alumina 
and  silica  will  be  in  excess,  whilst  in  the  interior 
the  converse  will  be  the  case.  It  may  thus  be  seen 
what  an  enormously  complicated  problem  the  study 
of  the  composition  of  Portland  cement  really  is 
and  W'hat  a  vast  field  of  research  still  awaits  eluci- 
dation by  investigators  equipped  with  modern 
appliances  and  proper  methods." — Australian  In- 
dustrial and  Mininij  Standard,  Feb.  21,  1918, 
p.    120.     (E.   M.   W.) 


MINING. 

Sampling  Mini:  Floor.s. — "S.mplinfr  mine  floors 
i-  hr.rd  and  unpleasant  work,  and  because  of 
i'.':ic:-ur/.cie3  invo.ved  is  to  bo  avoided  where  the 
necessary  samples  can  be  obtaii'ed  irum  the  walls 
or  roof.  In  floor  sampling  it  is  difficidt  to  catcir 
all  the  fine  and  keep  the  sanipla  free  from  mud  or 
other  floor  material,  to  which  is  added  the  impossi- 
bility of  in.specting  the  vein  carefully  before  sam- 
pling without,  in  some  cases,  a  prohibitive  amount 


of  [iii'liuMMary  Wiiik.  Fnrtlicr  difTuulties  not 
invoi\ed  in  sampling  walls  oi-  roof  are:  Diversion 
of  water  flow,  removal  of  loose  flooi-  material, 
teai'ing  up  and  relaying  of  track,  and  sometimeH 
the  additional  hardships  attendant  on  the  necessity 
of  doing  the  work  wifhont  interference  with  regular 
mine   operations. 

Cnnditinns  udirrf  ffnnr  satn /i/lnfj  is  niri'ssari/. — 
Workings  to  be  sampled  may  be  cla!<.sifieil  under 
two  heads,  dry  and  wet.  The  difficulties  and 
inaccuracies  involved  in  the  latter  are  much  greater 
than  in  dry  mines.  By  the  term  "sampling"  is 
meant  cutting   the   ore   by   hanmier  and   moil. 

In  diy  mines  the  chief  difficulties  are  those 
arisitig  from  catching  flying  sample  particles,  remov- 
ing track  and  loose  floor  material,  and,  iti  a  mine 
in  operation,  coiulucting  the  floor  samf)ling  without 
interfering  with  regular  work.  The  oidy  chances 
for  error  involved  in  sampling  a  dry  floor  are  in 
catching  all  the  flying  paiticles,  gathering  the  fine 
from  the  bottom  of  the  c\it.  and  preventing  extrane- 
ous flooi-  material  from  rolling  into  it.  Catching 
flying  particles  is  not  nearly  so  difficult  in  roof  or 
waW  sampling,  as  the  particles  fly  in  a  general 
downward  direction  and  can  be  caught  in  a  box  or 
canvas  basket  held  close  to  the  point  of  cutting, 
or  by  a  large  canvas  spread  on  the  floor  ;  although 
with  the  best  precautions  many  pieces  fly  astray. 
In  sampling  floors,  the  chins  fly  upward  and  out- 
ward in  every  direction.  To  catch  these,  it  is  best 
to  place  one  canvas  across  the  line  of  cut,  just 
ahead  of  the  point  of  cutting,  and  one  on  each 
side  of  the  cut.  If  a  deeyj  preparatory  trench  has 
to  be  cut  through  loose  rock  on  the  floor,  it  shouhl 
be  made  wide  enough  to  keep  extraneous  material 
from  rolling  into  the  sample  groove,  and  the  canvas 
should  be  pressed  down  into  the  trench  ahead  of 
the  point  of  cutting.  A  box  held  a  foot  or  so 
above  the  moil  and  just  ahead  of  that  point  will 
act  as  a  baffle,  preventing  the  particles  from  flying 
too  far  and  causing  them  to  fall  back  upon  the 
canvas.  When  one-half  the  sample  has  been  taken. 
the  canvas  should  be  laid  on  the  other  side,  and 
the  second  half  of  the  cut  made,  always  keeping 
the  canvas  dose  up  to  the  point  of  cutting.  A 
-stiff  brush  will  be  necessary  to  aid  in  gathering  up 
all    the   fine. 

Wafpr  roiifrol  in  floor  sainiiUnij. — In  addition  to 
the  difficulties  already  enumerated,  in  wet  mines 
mud  and  water  must  be  overcome.  In  the  first 
place,  the  main  flow  of  water  must  be  bypa.ssed. 
so  as  to  make  sampling  at  all  possible,  and, 
secondly,  seepage  must  be  minimised  in  order  not  to 
contaminate   the  sample   with   mud. 

Obviously,  in  sampling  the  floor  of  a  wet  mine, 
handling  the  water  is  the  chief  problem,  and  the 
accuracy  of  the  work  will  depend  upon  the  pre- 
cautions taken.  In  the  preliminary  sampling  of 
a  small  property,  it  would  be  too  costly  to  take 
all  the  precautions  that  might  be  enumerated.  In 
such  a  case,  where  the  vein  is  narrower  than  the 
drift,  the  water  can  be  run  through  a  ditch  at  one 
side  of  the  drift,  or  if  the  vein  is  too  wide  to 
permit  this,  the  water  can  be  passed  across  each 
trench  in  the  loose  floor  much  by  means  of  a 
launder  or  piece  of  air  pin?  a  few  feet  in  length. 
In  this  wav.  by  billing  out  the  seepage  a  few  times 
while  moiling  is  in  progress,  it  is  possible  to  get 
a  sample  with  the  least  expenditure  of  time  and 
effort.  The  sample,  it  is  true,  will  be  somswhat 
subject  to  inaccuracies,  either  on  account  of  mud 
carried    into    the    cuttings,    or,    if    the    cuttings    are 
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waslieil  free  from  miul,  by  the  loss  of  fine.  This 
is  a  makeshift  method,  and  justifiable  only  on  a 
pieliminary  examination  where  the  necessity  for 
greatest  accuracy  does  not  warrant  expenditure  of 
more  time  and  money. 

In  more  important  examinations,  greater  care 
must  be  taken.  If  the  water  in  a  drift  comes  from 
one  or  a  few  chief  sources,  down  certain  raises  or 
chutes,  for  example,  it  can  be  carried  past  the 
working  point  in  launders  or  pipes.  If  this  is  done 
a  day  or  so  before  the  sampling  is  started,  the  loose 
fliwr  material  will  have  drained  to  such  an  extent 
that  seepage  into  the  trenches  will  be  little.  On 
the  other  hand,  if  the  water  comes  from  a  general 
percolation  through  the  vein,  the  use  of  dams  must 
be  resorted  to  in  order  to  collect  it.  and  launders 
or  pipe  used  to  carry  off  the  water  from  behind  the 
dams.  If  a  level  is  extemely  wet.  a  dam  will  have 
to  be  built  for  each  short  length  of  drift  sampled. 
For  example,  beginning  at  the  lowest  point  of  a 
level,  which  would  be  (or  should  be)  where  it 
connects  with  a  shaft,  crosscut,  or  other  main 
working,  a  dam  should  be  built  across  the  drift 
about  100  ft.  distant.  This  dam  can  be  easily  made 
with  a  couple  of  2x12  in.  planks,  superimposed 
edgewise,  and  fitting  snugly  against  the  floor  and 
walls.  It  should  be  made  as  nearly  water-tight  as 
po.ssible  by  calking,  or  tamped  with  clay,  cement. 
talc,  or  aTiy  fine-grained  impervious  material.  The 
launder  or  pipe  should  lead  from  the  upper  half. 
The  dam  should  be  only  high  enough  to  give  a 
slight  grade  to  the  launder  with  enough  elevation 
to  carry  it  over  irregularities  in  the  floor.  If  the 
dam  is  too  high,  the  hydraulic  pressure  will  be 
such  as  to  cause  water  to  leak  through  so  crude  a 
structure. 

With  the  dam  in  place,  the  main  flow  of  water 
is  cut  off.  and  trench  digging  and  sample  cutting 
i^an  proceed.  If  the  inflow  of  water  along  the  vein 
is  large,  it  mav  be  necessary  to  have  the  dam 
f|uite  close  to  the  point  of  cutting,  for  otherwise 
the  trench  may  fill  with  water  so  fast  as  to  require 
constant  bailing.  The  seepage  into  a  trencli  may 
sometimes  be  greatly  lessened  by  digging  auxiliary 
trenches  above  the  sample  trench,  and  bailing  from 
them.  In  some  cases,  the  removal  of  all  loose  floor 
material,  instead  of  just  digging  trenches,  may 
be  neces.sary  to  prevent  too  great  an  infiltration  of 
mud  into  the  sample  cut. 

Cfiw jmrnfiri'  nd ifinf'iqex  nf  pipp  and  flump. — 
The  methods  of  conducting  water  flow  are  by  pipe 
and  flume.  Each  system  possesses  advantages  7iot 
to  be  found  in  the  other,  the  greatest  advantage 
being  in  favour  of  the  flume,  especially  under 
'•ertain  conditions,  which  will  be  described.  Light, 
galvanised-iron  air  pipe  is  easier  to  handle  and  put 
together,  and  in  a  straight  drift  with  no  branch 
openings  conducting  tributary  water,  is  to  be  pre- 
ferred t^)  a  flume,  if  the  material  is  immediately 
available  The  flume,  while  heavier  than  the  pipe, 
ard  more  trouble  to  put  together,  has  the  following 
advantages : — It  can  be  cut  up  into  short  lengths 
in  order  to  make  turns:  it  is  open  at  the  top  and 
i-an  bo  bailed  into,  which  is  a  great  advantage  when 
mor."  than  one  cut  is  being  made  at  the  same  t-me. 
as  the  biiled  water  is  cDriducted  away  instead  of 
running  down  into  the  next  lower  cut  ;  and  if  a 
<ro.sscut  is  adding  water  to  the  flow  in  the  drift, 
a  second  cut  can  be  built  across  it  at  the  inter.sec- 
tion,  and  a  short  fliim"  used  to  cany  the  water 
collected   into  the  m^in  fli'm-. 

Catching  the  ciittiop^  is  the  chief  difficulty  in 
.sampling    wet    fl  « r.;.     A    canvas    cannot    b"    rpr^nfl 


over  the  floor  and  down  into  the  sample  trench  as 
with  dry  floors,  because  the  seepage  would  carry 
upon  it  a  great  deal  of  mud.  Some  engineer.^  sug- 
gest washing  the  sample  to  eliminate  this  infiltrated 
mud.  but  that  would  cause  a  loss  of  fine  from  the 
cuttings  as  well.  The  best  way  to  catch  the  cut- 
tings is  to  hold  a  canvas  sampling  bucket,  or  a 
conical  "butterfly-net"  sample  catches,  close  to 
the  bottom  of  the  trench  and  a  few  inches  in 
advance  of  the  moil  point,  with  the  opening  of 
the  receptacle  in  a  vertical  position.  The  circular 
shape  of  the  bucket  opening  permits  either  to  get 
closer  to  the  floor  in  the  bottom  of  the  trench 
than  is  possible  with  a  box. 

Two  other  errors  are  involved  in  sampling  wet 
floors.  One,  the  obscuring  of  the  work  by  dirty 
seepage,  making  it  impossible  to  be  sure  "that  a 
uniform  cut  is  being  taken  ;  the  other,  the  concen- 
tration of  rich  fine  into  flooi-  cracks  by  the  action 
of  running  water,  causing  high  assay  samjjles. 
The  first  cause  of  trouble  has  been  dealt  with ;  the 
second  can  be  guarded  against  by  making  a  pre- 
liminary cut  across  the  vein  and  rejecting  the 
material  before  making  the  regular  sample  cut.  If 
error  from  this  source  is  expected,  the  rejects  from 
a  few  preliminary  cuts  should  be  assayed  with  the 
regular  sample  cuts  as  a  check  or  confirmation, 
before  going  to  the  trouble  of  making  further 
double  cuts." — A.  G.  Wolf,  Eikj.  and  Min. 
Jnurnal. — QiKcnsJand  Govt.  Mining  Journal,  April 
15,    1918,    p.    1G6.      (H.    A.    W.) 


MISCELLANEOUS 
A  New  Process  of  Colour  Photograthy. — 
"According  to  La  Nature,  a  new  method  for  colour 
photography  has  been  devised  by  Mr.  L.  Dufay, 
who  is  associated  with  the  Lumiere  firm.  The 
difficulty  hitherto  lias  been  to  get  coloured  lines 
in  sufficiently  close  juxtaposition  and  of  the 
requisite  fineness.  This  is  stated  to  have  now  been 
completely  overcome.  A  thin  celluloid  film  is 
passed  between  two  warmed  rollers  bearing  fine 
grooves  on  their  surface,  similar  fine  grooves  beingr 
thus  found  on  the  celluloid.  The  film  is  coated 
with  a  transparent  coloured  adhesive  material, 
wiped  and  then  treated  with  an  alcoholic  solution 
of  another  colour,  which  enters  the  exposed  sur- 
face of  the  celluloid.  Two  adjacent  lines  of 
different  colours  are  thus  formed,  which  may  be 
as  fine  as  one-thirtieth  of  a  millimetre.  The  other 
side  of  the  film  may  be  similarly  treated  with  the 
other  colours.  Three  double  pairs  of  colours  :  (1) 
yellow  and  blue,  red  and  green,  (2)  yellow  and 
red,  blue  and  orange,  (3)  red  and  blue,  yellow  and 
violet,  are  suggested." — P.  Dcfay,  Ind.  Enijinccr- 
in;/,   March  9,   1918,  p.    135,     (J.    A.    W.) 


Phosphate  in  Egypt. — "  Pho.sphate  occurs  in 
many  places  in  Upper  Egypt,  along  the  Nile  Valley, 
principally  on  the  right  side,  and  also  near  the 
Red  Sea  coast.  Upon  rocks  like  granite,  serpen- 
tine, porphyry,  and  diabase  comes  the  Cretacef)us 
formation,  containing  considerable  quantities  of 
phosphate,  at  Gebel  Duwi,  Gebel  Nakheil,  and 
Cebel  Korseir  El  Kadim.  not  far  from  the  coa-t. 
More  to  the  north,  in  the  hills  near  Safaga  bay, 
is  another  rich  bed.  Phosphate  is  said  to  exist 
near  Suez  and  in  the  Sinai  peninsu'a.  The  forma- 
tion in  Egypt  is  variable,  not  only  from  place  t) 
place,  but  even  wi*hin  small  rreas.  The  mines  are 
well  develop.-'d  on  the  right  bank  of  the  Nile  at 
Sharawna  and   along  the  Red  Sea  coast,  at  Safaga 
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and  near  Kosseir.  Tlic  nipperiudst  btMl  of  tlif 
Sliarawiia  formation  is  a  liaiil  liincstoiie,  1^  ft.  to 
4  ft.  thick,  made  m|)  t'ntirt'ly  of  oyster  sliclls. 
strongly  cemented  hy  I'aibonate  of  lime.  In  plai'os 
this  changes  into  a  trnc  |)his|ihatic  bed;  the  oyster 
shells  disappear  little  hy  little,  the  i-ock  becomes 
softer,  grannlated.  and  "in  less  than  1,000  ft.  the 
hai(i  bed  i^  transformed  into  fine  tricaltic  phos 
jihate.  assaying  as  liigh  as  63",',.  Occasionally,  the 
phosphate,  instead  of  replacing  the  oyster  bod, 
spreads  underneath  and  reaches  a  thickness  of 
2'3  ft.  and  a  t>erceiitage  of  60;  in  other  places  it  is 
6i  ft.  oi'  mine,  is  very  hard,  fidl  of  sma'l  coj)rolites, 
but   is  not  above  25",,    to  35",,. 

'I'he  Sebaieh  phosphate  is  already  on  tiie  market, 
raw  or  ground.  In  parts  of  the  desert  it  is  esti- 
mated that  there  are  50  million  tons  of  |)husj)hate. 
Immense  quantities  of  relatively  low-grade  material 
are  a\ailable." — E.  Cortese. — Minim/  rttul  Srim- 
lifir   I'nss.  March  16,  1918,  p.  374.     '(11.   R.   A.) 


E.\R  Protector  for  ^Iillmen. — "  .Many  millmen 
protect  their  ears  by  stuffing  them  full  of  cotton 
and  soap,  or  even  waste.  Foi-  a  number  of  years 
I  have  used  the  ordinary  naval  big  gun  ear  pr(j- 
te-,"tors,  when  working  in  a  mill,  and  find  the  form 
herein  illu.-'trated  the  safest  ai'd  mot  comfortable; 
and  while  they  do  not  prevent  one's  ears  from 
ringing  for  a  while  after  rem;)ving  the  protectors 
they  do  furnish  a  great  rercf,  especially  for  those 
who  are.  not  continuously  in  the  mill,  and  whose 
ears  therefore  do  not  get  adju  ted  to  the  vibration. 

The  protector  is  made  of  celluloid,  and  consists 
essentially  of  a  ball  containing  a  round  hole  on 
one  side,  and  a  small  duct  leading  from  the  bottom 
of  the  hole  through  the  stem  to  another  smaller 
hole  in  the  anchor-shaped  terminus  of  tlie  stem. 
The   ball    is    iib:erted    in    the    ear,    the   hole    next   to 


the  ear  drum,  and  the  anchor-shaped  stem  is  braced 
against  the  lobe  of  the  ear.  thus  holding  the  jiro- 
tector  in  place.  The  sound  now  has  to  enter  the 
small  hole  in  the  stem,  travere  the  narrow  passage 
or  duct  to  the  hole  in  the  ball,  and  thence  pass 
to  the  drum  of  the  ear.  Tlie  sound  therefore  has 
to  pass  through  a  decreased  aperture  and  make  two 
sharp  bends  before  reaching  the  ear;  the  effect  is 
to  reduce  the  shock  and  vibration  to  the  ear  drum 
without   preventing   one   from   hearing   entirely. 

There  is  nothing  in  the  shape  or  method  of 
insertion  of  this  protector  to  injure  the  ear  in  any 
way. — S.  H.  Brockunier,  Mininrj  and  Srientifir 
Pr'psx.—Quppn.^Iand  Govt.  Min.  Journal,  April  15, 
1918.  p.  161.     (H.   A.  W.) 


Abstracts  ot   Patent  Applications. 


I'J7.17.  ( '.  Ho.sking.  A  lopc  ^jip  foi-  nicchanical 
haulage.     '2-1.7.17 

'I'his  application  is  for  a  rope  grip  for  mechanical 
haulage  purpo.scs,  tin-  jaws  of  the  grip  being  shaped 
at  the  Ijottom  to  suit  the  si/.e  of  rope  reipiirecl 
and  made  wider  at  llit  top  to  easily  admit  the 
rope,  and  .so  formed  that  the  swing  of  the  arms 
due  to  the  pull  of  the  rcjpe  causeH  them  to  overlap 
the  rope  on  its  upper  surface,  thereby  causing  the 
grip  to  be  in  contact  with  the  rope  round  its  whole 
surface. 

Two  grips  are  illn.strated  and  de.scribed,  one 
designed  t(i  work  in  both  directions  and  one  in  one 
direction   onlv. 


191.17.         .M.       ().      Cranston.         Improvements      in 
reinforced     concrete     for    the     manufacture    of 
mine   props,  telescopic  bars  for  the  erection  of 
mine   props   undergnmnd,   cyanide    vats,   a   com- 
bined     wastepack      and      pi;,stve      mine      pole. 
•20.8.17. 
This    application    deals    with    reinforced    concrete 
.sectional   cylindrical    mine    props.     The   specification 
describes      sectional      cylin<lers      made     of      various 
diameters  and  6  in.    in  height   with  a   female  fitting 
of   certain   dimensions   in   diameter  at  one  end  and 
a  male  fitting  of  smaller  diameter  at  the  other  end. 
All   the  reinforcements  are  of  a  spiral   shape  being 
about     i     in.     apart.     The    horizontal     strands    are 
about    I    in.    apart    and    contain    two    strands    which 
are  twisted   in  order  to  hold   spiral  firmly   in  shajie. 
The    sectional    cylinders    are    thus    reinforced    u.-^ing 
larger    or    smaller    wire,    and     varying    number    of 
strands.     The    design    of    frame    is  dependent    upon 
the     required     strength.     The     diameter     of     these 
cylinders  may  be  increased  or  decreased  dependent 
upon    the    recjuired    strength. 


193.17.     W.    R.    Hume.     Improvements  in   and  con- 
nected with  the  jointing  of  concrete  pipes  and 
means   for   effecting   the   same.      20.8.17. 
This   application    refers   to    imf)rovements    in    and 

connected    with  the   jointing   of   concrete   pipes  and 

the  materials  necessary  for  making  the  plastic  joint 

for  fairly  high  pressures. 


509.17.     W.    G.    Gibson.     A    machine    for    scraping 
and     dressing     battery     plates     and     the     like. 
29.8.17. 
This   application   is   for   a   hand   operated   mecha- 
nical device  for  dressing  and  for  scraping  amalgam 
plates.     The    device   consists   of    a    shaft    stretching 
across    the     plate,    to     which    adjustable    scrapers, 
brushes  and   a  mercury   container  are   fastened.   By 
a    forward    and    backward    movement    of    a    crank 
fastened   at   each   end   of  the   shaft  the   scrapers  or 
the  brushes  are  caused  to  operate  on  the  amalgam 
or    on    the    amalgam    plate    surface.     Longitudinal 
movement   up  and   down   the   plate   is   provided   for 
bv  rollers  running  in  a  recessed  track. 


•")94  17.     J.     R.     Williams.     Improvements     in     the 
treatment  of  earthy  matter  containing  valuable 
.salts.     4.10.17. 
This    application    relates    to    a    process    for    the 
preliminary    treatment   of    natural    deposits   consist- 
ing of  valuable   salts,   colloidal   and  earthy  matter, 
■j-elatinous   silica    and    humus. 
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631.17.  S.  L.  Berry.  Improvements  in  metallur- 
gical  agitators.     17.10.17. 

This  application  relates  to  improvements  in 
agitators  whith  consists  in  providing,  in  a  vat  a 
rotatable  pump  casing  with  hollow  arms  extending 
radially,  with  separate  means  for  rotating  this 
structure  as  well  as  the  internal  impeller  of  the 
pump  casing  at   varying  speeds,  or  directions. 

The  object  of  the  invention  is  to  provide  a 
mechanically  driven  agitator  in  which  the  jets 
issue  in  the  direction  of  its  rotation,  and  may  be 
used   also  as  an  amalgamator. 


HiS6.17.  W.  B.  Vanderlij).  Improvements  in  and 
relating  to  ore  concentrating  machines.  5.11.17. 
This  application  is  for  a  batea  shaped  concen- 
trating pan,  which  also  acts  as  an  amalgamator. 
The  machine  consists  of  a  batea  or  pan  to  which  is 
imparted  a  vanning  motion  by  means  of  eccentrics, 
which  act  upon  the  underside  of  the  pan.  Concen- 
trates are  drawn  off  positively  at  the  centre  by 
means  of  a  variable  speed  vertical  screw  conveyor, 
which  also  seals  this  centre  opening  to  the  dis- 
charge of  tailing.  The  tailing  discharges  circum- 
fei*;ntially  into  an  overflow  launder.  Riffles  may 
be  placed  in  the  basin  of  the  pan,  as  desired  ; 
amalgamating  plates  may  also  be  placed  in  the 
basin.  The  applicatit)n  covers  tlie  use  of  screw 
conveyors  working  in  troughs  placed  across  the 
travel  of  the  concentrate,  as,  for  instance,  on  a 
reciprocating  concentrator  deck,  for  the  purpose  of 
effecting   a   positive   concentrate   discharge. 


7(12.17  H.  K.  lve^;  Improvements  in  jockeys  or 
rope  grips  for  mechanical  haulages  and  the 
like.     10.11.17. 

This  application  refers  to  a  form  of  jockey  or 
grip    for    rope    haulages. 

The  principal  feature  is  the  employment  of  two 
eccentric  cams  provided  with  vertical  grooves  to 
produce  a  gripping  surface,  or  alternatively,  wit!i 
a  horizontal  groove  in  which  the  rope   is  held. 

The  cams  are  provided  with  a  toothed  segment 
in  the  lower  portion  of  each,  which  segments 
engage  with  each  other  and  thus  secure  simul- 
taneous   movement    of    the    gripping    surfaces. 

The  principal  claim  is  :  "A  jockey  or  rope  grip 
for  mechanical  haulages  and  the  like,  comprising  a 
pair  of  (jpposing  cams  or  eccentric  pieces  between 
which  the  rope  is  gripped,  and  means  independent 
of  the  rope,  whereby  the  rcjtary  motion  of  either 
of  them  is  transmitted  to  the  other,  substantially 
as  and  for  the  purpose  described. " 


718.17.  J.  B.  Eder  (1),  British  Agencies,  Ltd.  (2). 
Improvements  in  mine  and  like  electric  bells. 
16.11.17. 

The  particular  bell  described  is  the  enclosed  type 
in  which  the  gong  is  mounted  over  the  casing 
.which  contains  the  actuating  mechanism,  with  its 
hammer  and  stem  f)Ut.side  the  casing  and  inside  the 
gong.     The    particular    features    of    this   bell    are  : 

First. — That  the  armature  is  rigidly  secured  to 
a  vertical  spindle  which  i.s  pivoted  at  its  lower 
end  on  the  bottom  of  the  casing,  the  spindle 
projecting  beyond  the  casing,  and  on  this  projection 
the  hammer  stem    is  mr)unted  ;    and 

Second. — The  use  of  an  electro-magnet  consisting 
of  one  coil  instead  of  two  as  generally  used,  and 
having  end  pole  pieces  and  lateral  pole  faces 
presented  to  the  armature. 


747.17.  D.  S.  O'Donovan.  Improvements  in 
j)resses  or  means  for  drying  or  filtering  sludge 
or  similar  thick  mi.xtures  of  solids  and  liquids. 
23.11  17. 

This  application  is  for  an  improvement  in 
presses  for  dewatering  sludge,  more  partii-ulaily 
sludge  dealt  with  in  underground  workings. 

The  apparatus  described  is  a  press  consisting  of 
a  perforated  cylinder  (for  instance,  u  large  pipe), 
on  the  outside  of  which  filter  media  of  canvas  and 
jute  are  wound.  Tiiis  filter  is  secured  in  position 
by  longitudinal  perforated  and  grooved  wooden 
lagging  clamped  with  iron  clamps.  One  end  of 
the  pipe  filter  serves  as  the  pulp  inlet ;  to  the  (jther 
end  is  fastened  a  swinging  door  through  wliirji 
discharge  of  the  dewatered  sludge  is  effected.  In 
operation,  sludge  is  pressed  into  the  pipe  filter  by 
means  of  a  pump  or  a  static  head  and  the  solid 
particles  gradually  pressing  closely  together, 
express  the  moisture.  The  cake  of  sludge  is  then 
pulled  out  by  means  of  a  boring  tool  operated  by 
hand. 


I    782.17.        J.     Peterson.        Improvements    in    power 
generating  and  power  transmitting  mechanism. 
!  10.12.17. 

This     application     relates     to     improvements     in 

I    power        generating        and        power        transmitting; 

I    mechanism,     a    primary     object    being    to    jimvide 

'    means  for  applying  initial  power  to  a  ])rime  motor 

and   by   a   system    of   levers   and   gears  to   multiply 

this   initial   powder. 
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Owing  to  the  lnt1uen/,a  Epidemic,  and  en 
the.  veeommendation  of  the  Medical  Otticer 
of  Health,  the  u^iual  [Monthly  Meeting  was 
not  held  in  October.  The  next  Ordinary 
General  Meeting  will  l)e  held  on  Saturday, 
tile  16th  Novendjer. 


THE  EFFECTS  OF  DUST  INHALATION 


By  J.  S.  Haldane,  M.I),  F.R.S. 
(Hon.  Member). 


(Printed  in  Journal,  Julij,  191S.) 


Ab'<tract  of  Di.scu>;sion*  at  a  General  Meeting 
of  ilte  Insiiiitiion  of  Mining  Engincera 
held  at  Burlington  House,  London,  W., 
on  ilte  13th  June,  1918,  Sir  Wm. 
Garforih  (Past-President  of  the  Institu- 
tion) in  tJie   Chair. 

The  Chairman  (Sir  William  Garforth) 
said  that  the  great  value  of  Dr.  Haldane  "s 
j)aper  lay  in  the  fact  that  it  was  founded 
on  practical  and  scientific  know^ledge.  For 
many  years  he  had  been  in  close  association 
with  Dr.  Haldane,  and  he  knew  the  trouble 
he  had  taken  in  discussing  the  question 
with  mining  engineers,  colliery  managers, 
and  workmen  who  had  been  working  in 
stone  or  shale-dust  for  forty  years,  and  in 
that  way  Dr.  Haldane  had  acquired  a  large  , 
amount  of  practical  information. 

Sir  Henry  Cunynghame,  K.C.B.  said  that 
now,  after  some  years,  they  had  apparently 
a  new  light  thrown  upon  it  by  Dr.  Haldane. 
If  the  particles  of  dangerous  silica  were 
accompanied  by  other  particles  which  the 
lungs  did  not  like,  the  lungs  said:  "  Well, 
silica,  we  could  not  get  rid  of  vou.  but  we 
have  this  other  stuff,  and  we  will  clear  that 

*  See  Tianx.  Initin.  of  Mining  Entfiuens.  Vol.  LV.,  part  4. 
Ausj.-Sept.,  1918,  pp.  273-2!t3. 


out,  silica  and  all."  lie  put  it  to  the 
author  whether  upon  the  wliole  that  was 
not  a  broad  way  of  dealing  with  what  he 
had  proposed,  and  very  likely  true.  The 
paper  seemed  to  him  to  lend  itself  to  sjiecu- 
latiou  possibly  of  a  much  wider  kind  than 
the  author  had  indicated,  because  it  at  once 
struck  one  that  if  by  stimulating  the  liiogs 
with  something  besides  the  silica  one  could 
cause  them  to  make  an  effort  and  throw 
silica  and  everything  else  off,  might  not 
there  be  certain  medical  vapours  which  if 
inhaled  into  the  lungs  would  enable  people 
to  get  rid  of  the  silica  they  had  in  the  lungs 
already,  or  get  rid  of  the  microbes  of  pneu- 
monia and  other  diseases  ?  It  was  a  matter 
which  might  well  become  the  subject  of 
experiment,  because  the  idea  was  very  fer- 
tile in  suggestion.  It  was  quite  in  accord- 
ance with  the  right  medical  views,  which 
showed  that  all  mo<lern  medicine  tended  in 
the  direction  rather  of  assisting  Nature  to 
do  her  work  than,  by  some  kind  of  mechani- 
cal means,  endeavouring  to  do  it  for  her. 
Here  one  cheated  Nature  a  little  into  getting 
rid  of  these  objectionable  silica  particles, 
and  it  might  be  that  instead  of  making 
innocent  tests  with  silica  they  might  suc- 
ceed in  getting  drugs.  The  author  would 
tell  them  whether  that  was  possible.  He 
fSir  Henry)  referred  to  drues  of  some  kind 
which  would  stimulate  the  lungs  into 
making  that  daily  effort  which  certainly 
was  made.  There  was  no  doubt  the  lungs 
did  it  somehow,  but  they  might  be  stimu- 
lated to  do  it  to  a  further  degree,  and  so 
get  rid  of  the  silica. 

Sir  Henry  Hall,  I.S.O.  wrote  that  Dr. 
Haldane  had  evidently  found  great  difficulty 
in  reconciling  the  views  he  had  hitherto  held 
with  regard  to  the  injurious  effect  of  inhal- 
ing stone-dust  containing  silica,  etc.,  with 
the  results  of  recent  experiments  made  by 
himself   and  others.     The   p'lthor  had  sub- 
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mittt'd  as  the  practical  result  of  his  enquirv 
that  inhaling  pure  or  almost  pure  quartz- 
dust  was  verv  injurious  :  especially  was  this 
found  to  be  so  in  the  Transvaal  and  some 
other  gold-miniuf^  districts :  but  that  where 
quait/.-dust  only  formed  a  i>art — maybe  a 
considerable  part — of  the  mixture,  it  might 
be  almost  disregarded  ;  and  he  was  able  to 
state  that  such  dust  as  was  usually  met 
with  in  coal-mines  was  practically  harmless. 
]>r.  Haldane  had  been  driven  to  this  last 
conclusion  by  the  fact  that  coal-miners  were 
shown  by  statistics  to  have  excellent  health 
and  apparentlv  suffered  n(^  ill-effects  from 
their  dusty  occupation. 

The  writer  entirely  agreed  with  Dr. 
Haldane  that  up  to  the  present  coal-miners 
were  a  healthy  class  of  men,  but  he  thought 
that  time  and  experience  were  required  to 
show  whether  the  present  fashion  of  adding 
large  quantities  of  stone-dust  to  the  natural 
dust  already  on  the  roads  of  mines  would 
have  an  injurious  effect  on  their  health.  It 
appeared  imdesirable  to  add  to  the  nuisance 
of  dusty  roads  in  this  wav,  and  unless  we 
could  satisfy  ourselves  that  stone-dusting 
the  roads  was  a  reliable  safeo'uard  against 
firedamp  explosions  develoning  into  great 
disasters,  it  would  be  foolisli  to  adopt  such 
a  course. 

Dr.  E.  L.  CoUis  wmte  tl'^f  tlie  evidence 
to  wiiich  L)r.  Haldane  had  alluded  fsome  of 
wliich  the  writer  had  had  the  privilege  of 
preparing)  as  having  been  placed  before  the 
Pioyal  Commission  on  ^Metalliferous  Mines 
and  Quan'ies  had  establislied  at  once  the 
danger  attached  to  the  inhalation  of  certain 
dusts  and  the  comparativelv  innocuous 
nature  of  other  dusts.  Dr.  Haldane  had 
liimself  supplied  the  clue  which  through 
investigation  of  the  mortality  of  flint-knap- 
pers  (the  first  investigation  of  mortality 
associated  with  exposure  to  n  pure  dust) 
demonstrated  the  particularly  harmful 
natiu'e  of  the  fine  dust  of  crystalline  silica. 
Following  up  this  clue,  the  mortality  among 
those  exposed  to  inhalation  was  found  to 
varv  directly  with  (a)  the  amount  of  pure 
silica  in  the  dust  and  (}>)  the  amovuit  of 
exposure  to  this  dust.  Thus,  granite-dust, 
which  was  composed  of  about  one-third  part 
of  silica,  was  found  to  be  associated  witli  a 
lower  mortality  rate  than  that  among  sand- 
stone masons  and  others  associated  with 
exposure  to  sandstone-dust ;  and,  further, 
no  proof  could  1)6  obtained  that  fibroid 
phthisis  occurred  among  any  persons 
exposed  to  the   inhalation  of  a  dust  which 


did  not  contain  pure  silica.  For  tlie  moment 
tbe  problem  then  seemed  clear,  but  subsf- 
quent  enquiries  had  raised  most  interesting 
questions.  Thus,  as  Dr.  Haldane  had" 
pointed  out,  Altofts  shale,  Mith  a  nuich 
higher  percentage  of  silica  than  granite -dust, 
was  not  associated  with  the  phthisis  mor- 
tality rate  of  those  exposed  to  its  inhalation. 

The  dust  of  ganister,  which  is  a  pure  form 
of  silica,  was  found  to  cause  a  fearful  mor- 
tality among  those  inhaling  it  either  in  the 
mines  or  in  the  brick-yards  ;  yet  this  mor- 
tality was  profoundly  modified — at  any  rate, 
among  the  makers  of  bricks — if  the  ganister 
was  mixed  with  fireclay.  In  this  industry 
there  was  no  ste])jMng-stone  between  the 
terrible  mortality  among  the  men  who  made 
ganister  bricks  which  were  bonded  together 
with  lime  and  the  mortality  Init  little  differ- 
ent from  the  normal  among  those  men  who 
made  ganister  bricks  bonded  together  with 
clay.  Clay  then  seemed  for  the  moment  to 
possess  the  power  of  inhibiting  the  influence 
of  silica.  Further  thought,  however,  showed 
that  potters  exposed  to  flint-dust  suffered 
whether  this  flint  was  mixed  or  unmixed 
with  pottery  clay,  thus  suggesting  that  there 
must  be  some  difference  between  fireclay 
and  pottery  clay  in  the  inhibitory  effect. 

Dr.  Haldane  had  now  ])ut  forward  a  sug- 
gestive explanation  wliich  was  in  some  ways 
on  the  same  lines  as  one  that  the  writer 
had  in  mind  in  1915,  when  he  stated  that 
"  certain  investigations  now  being  carried 
on  by  Dr.  H.  C.  Eoss  suggest  that  this 
action  of  clay  in  modifying  the  influence  of 
silica-dust,  which  appears  to  be  similar  to 
that  exerted  by  coal,  depends  on  the  pres- 
ence of  certain  organic  constituents  in  these 
I    materials." 

However  further  work   might   show   that 

1   certain  inhibitory  influences    can    stay    the 

I    action    of    silica-dust    in    ])roducing    fibi'oid 

i   phthisis,    he    (Dr.    Collis)    felt    at    present 

I    unconvinced  that  the  evidence  before  them 

I   was   sufficient   to   establisli   that    any   other 

i   dust  except  that  of  fine  silica  had  the  power 

I   of    causing    fibroid    phthisis.      He    was,    of 

course,    aware    of   the   work   to   which   Dr. 

Haldane  referred  that  was  being  carried  on 

by  exposing  animals  to  dusts  of  emery  and 

cai*b6rundum.     These  experiments  undoubt- 

I   ediy  showed  that  the  lungs  of  the  animals 

I   exposed  were  damaged ;  but  in  actual  prac- 

!   tice  there  was  no  evidence  to  establish  that 

j   men  exposed  to  the  inhalation  of  such  dusts 

I   suffered  from   fi])roid   ])hthisis,   or   that  the 

■   lunsrs  of  such  men  showed  the  cliaracteristic 
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>ii:nJiu>  when  radio<]:raplied,  and  the  sam. 
icniark  apphed  to  men  exposed  to  fine  ^lass- 
dust.  He  would  tljerefore  venture  to  suh- 
niit  that  the  problem  hefon-  them  was  a 
double  one.  First,  how  was  it  that  siliea 
(inlv  MnK>nf,'  the  dusts  wa.s  associated  with 
a  ht-avv  moitalitv  from  fibroid  phtliisis '.' 
Seettndly.  how  was  it  that  this  mortality 
w  !is  profoundly  modified,  if  not  entirely 
inhibited,  when  the  siliei  was  combined 
with  certain  other  materials,  notably  those 
(•<'!it:iinintr  certain  orijanic  constituents? 

Dr.  H.  C.  Ross  wrote  that  the  experi- 
ments to  which  l)r.  t'oUis  liad  refeired  were 
preliminary  ones  made  by  him  at  the  Lister 
Institute.  The  fact  that  certain  forms  of 
coal-dust  and  clay  seemed  to  render  silica - 
dust  inert  as  regards  causing  miner's 
phthisis  led  to  the  suggestion  that  this 
neutralizing  property  of  the  coal  and  clay 
might  be  due  to  a  certain  cliemical  grouping, 
llecent  research  had  produced  evidence  that 
the  predisposition  to  cancer  caused  by  tai", 
pitch,  and  soot  was  probabb-  due  to  this 
grouping,  and  since  there  seemed  to  be  an 
antagonism  between  the  predisposing  causes 
of  cancer  and  tuberculosis,  it  was  suggested 
that  the  grouping  which  caused  jiitch-cancer 
might  be  responsible  for  the  neutralization 
of  tuberculosis  l)rought  about  by  coal-dust 
and  clays.  ""  Blind'"  experiinents  were 
then  made,  when  it  was  found  that  in  the 
majority  of  instances  this  '"  auxetic  "  (nitro- 
genous) grouping  was  to  be  detected  in  those 
forms  of  dust  which  contained  clay  and  not 
in  those  which  produced  miner's  phthisis. 
The  writer  had  already  published  details  of 
this  work  in  the  Report  of  the  Medical 
Officer  of  Health  for  the  County  of  Essex 
(Tuberculosis,  1914).  It  was  mentioned 
now  because  it  naight  be  possible  that  the 
"  stimulation  "  referred  to  by  Dr.  Haldane 
was  due  to  the  chemical  grouping  with 
which  the  writer  experimented. 

Mr.  H.  "W.  G.  Halbaum  wrote  that  it  was 
difficult  to  disagree  with  any  part  of  the 
author's  excellent  paper.  The  theory  of 
alloys  considered  as  solid  solutions  was  not 
new.  Dr.  Haldane  had,  however,  shown 
that  this  principle  of  alloys  as  solid  solu- 
tions applied  not  only  to  metals  but  to  non- 
metals  also.  That  step  fonvard  seemed 
most  natural  and  logical.  But  it  started 
new  trains  of  thought :  for  examnle.  it  sug- 
gested the  idea  of  saturation.  If  so.  they 
must  suspect  that  it  was  jiossible  to  overdo 
the  stone-dust  treatment.     Or  did  the  alloy- 
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proceed  between,  say,  argillaceous  and  aren- 
aceous shales,  as  well  as  between  coal-dust 
and  siliceous  stone-dust  ".' 

A  further  suggestion  was  that  if  the  allo\ - 
ing  process  was  t(^  be  assisted  as  much  as 
possible,  tJie  elements  of  the  alloy  should 
approach,  as  nearly  as  nossible.  tJie  liquid 
state.  In  other  words,  they  should  be  as 
finely  divided  as  possible  in  order  that  the 
surfaces  of  contact  per  unit  of  weight  should 
be  a  maximum. 

The  author  liad  also  spoken  of  the  fact 
that  the  nostrils  acted  as  a  kind  of  filter  or 
sieve.  But  was  there  not  another  factor/ 
The  inhalation  was  also  an  accelerative 
force  which  acted  on  the  atmosphere  out- 
side, putting  the  air  in  motion  and  drawing 
the  air  into  the  lungs.  Like  every  force, 
the  force  of  inspiration  would  produce 
smaller  accelerations  in  larger  masses. 
Hence,  it  was  reasonable  to  suppose  that, 
in  drawing  an  inspiration  in  air  containing 
solid  matter  in  suspension,  the  lighter  par- 
ticles would  be  drawn  into  the  lungs  more 
rapidly  than  the  heavier  particles  of  equal 
bulk.  It  would  apjjear,  therefore,  that  in 
air  containing  solid  particles  of  different 
specific  gravities  {cei.  par.)  the  nostrils  had 
a  selective  capacity  as  well  as  a  filtering 
action.  If  so,  one  must  conclude  that  in 
considering  the  suitability  of  any  stone-dust, 
not  only  the  specific  gravity  of  the  substance 
in  bulk,  but  the  difference  of  the  specific 
gravities  of  its  various  ingredients  also, 
must  be  taken  into  account. 

Dr.  Haldane 's  paper  went  a  long  way 
towards  proving  that,  to  be  at  once  innocu- 
ous and  efficient,  the  stone-dust  must  be  as 
finely  divided  as  possible,  and  not  only 
disirihtifcd  by  the  air-current,  but  selected 
by  the  air-cuirent.  In  other  words,  the  air- 
current  should  sustain  the  same  relationshiii 
to  the  mine  and  perform  the  same  dual 
office  as  the  nostrils  sustained  and  ])er- 
formed  for  tlie  individual. 

Sir  William  Atkinson,  I.S.O.  wrote  that 
it  ajiptaivd  liMin  Dr.  Haldane 's  valual.de 
paper  that  the  physiological  action  and 
effects  of  the  inhalation  of  different  sorts  of 
dusts  were  not  yet  thoroughly  understood. 
There  was,  however,  so  far  no  evidence  that 
the  use  of  shale-dust  as  applied  for  making 
coal-dust  inexplosive  was  injurious  to  health. 
Stone -dusting  had  now  been  practised  in 
some  mines  for  several  years,  and  he  would 
suggest  that  a  medical  enquiry  should  be 
instituted  as  to  the  hvgienic  effect  on  the 
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men    most    exposed    to    the    inhalation    of 
i^tone-dust  in  such  mines. 

Dr.  William  Galloway  wiote  that  the  fact 
that  the  l>laek  dust  actually  present  on  the 
roads  in  mines  contained  a  high  percentage 
of  stone-dust,  was  shown  by  Freire- 
Maireco's  analyses  of  dust  collected  from 
tlie  roads,  and  elsewhere,  in  Penygraig 
Colliery.*  and  by  Prof.  C.  M.  Thompson's 
analyses  of  dusts  from  Altofts  Colliery,!  and 
had  been  commented  upon  at  that  time,  and 
frequently  in  later  years,  long  before  inves- 
tigations on  the  subject  were  imdertaken  in 
the  Doncaster  Coal  Owners'  Laboratory. 

Dr.  Haldane's  explanation  of  the  reasons 
why  certain  dusts  and  mixtures  of  dusts 
were  removed  from  the  lungs  by  epithelial 
cells  which  wandered  away  with  their  load 
of  dust-particles  and  were  eliminated  by  the 
cilia  or  otherv,'i?e  disposed  of,  while  flint  or 
(juartzite  dust  remained  and  tended  to  accu- 
mulate on  the  spot  upon  which  it  had  first 
settled  down,  was  not  onh-  of  surpassing 
interest,  but  seemed  to  point  to  a  far- 
reaching  conclusion  which  might  ultimately 
lead  to  an  amelioration  of  the  lot  of  miners 
who  worked  in  the  presence  of  clouds  of 
dust  of  the  latter  kind.  It  was  to  be  hoped, 
therefore,  that  the  experiments  to  which 
the  author  referred  as  having  been  begun 
and  as  having  been  interrupted  by  war- 
work  would  soon  be  resumed  and  canned  on 
\mtil  definite  and,  he  hoped,  eminently  satis- 
factory results  had  lieen  attained. 

Principal  J.  W.  Mellor  wrote  that  Dr. 
Haldane  had  summed  up  the  present  state 
of  our  knowledge  very  clearly  in  the  para- 
dox :  quartz-dust  alone  is  baneful ;  quartz- 
dust  diluted  with  about  two-thirds  of  clay 
is  harmless.  He  (Dr.  ]\Iellor)  knevi^  that 
Dr.  Haldane  doubted  the  accuracy  of  this 
inference  from  the  available  facts,  and 
before  the  war  had  pressed  the  writer  very 
strongly  to  try  to  elucidate  the  mystery. 
Unfortunately,  war-work  arrested  progress 
in  that  direction.  It  seemed  extremely 
improbable  that  the  mei-e  presence  of  clay 
inhibited  the  pernicious  action  of  the  quartz  ; 
and  the  premises  on  which  the  inference 
was  based  must  be  revised  in  order  to  make 
sure  that  something  had  not  been  over- 
looked. Through  ignorance,  the  writer  was 
not  in  a  position  to  venture  an  opinion  on 
the  medical  evidence  as  to  whether  the 
diluted  quartz  was  really  harmless,  or 
whether  it  was  merely  slower  in  its  action. 

•  Proc.  Roy.   Soc,   1882,  vol.   xxxii.,  page  400. 
t  Ihid.,  1887,  vol.  ilii.,  page  174. 


Assuming  that  it  was  quite  harmless,  it 
seemed  highly  probable  that  the  free  silica 
present  in,  say,  the  Altofts  shale  was  not 
in  the  form  in  which  it  was  assumed  to 
occur.  It  would  be  noted  that  only  the 
very  finest  granules  could  penetrate  into  the 
lun^s ;  and  that  his  (Dr.  ^lellor's)  estimate 
of  the  35%  free  silica  was  based  on  the  clay 
en  mafi>i€.  Did  the  composition  of  the  cla.y 
in  bulk  re))resent  the  composition  of  the 
very  finest  dust '?  Although  elutriation  frac- 
tions showed  a  difference  in  composition,  it 
had  not  yet  been  decided  whetlier  dust  of 
the  degree  of  fineness  which  could  reach  the 
lungs  contained  really  35%  of  free  silica.  A 
negligibly  small  proportion  of  free  silica 
might,  after  all,  be  present  in  the  fine  frac- 
tion which  penetrated  to  the  lungs.  Again, 
one  was  not  sure  of  the  character  of  the 
surface  of  the  finest  grains  of  free  silica  in 
the  Altofts  shale.  The  surface  of  the  fine- 
grain  silica  was  sometimes  found  to  be 
corroded,  so  that  the  surface  appeared  to 
be  covered  with  a  film  crust  of  colloidal 
silica.  Was  this  so  with  the  free  silica  in 
the  Altofts  shale  ?  Probably  3'es,  but  a 
definite  answer  could  not  at  present  be 
returned.  Consequently,  he  might  ask  Dr. 
Haldane  whether  granular  quartz,  each 
grain  of  which  was  covered  by  a  film  of 
colloidal  silica,  was  harmless  or  hannful. 
Many  other  interesting  questions  naturally 
arose,  and  the  impression  one  obtained  from 
Dr.  Haldane's  admirable  review  was  that 
the  preliminary  worlc  had  opened  up  a  pro- 
mising investigation  into  problems  of  vital 
impoi'tance  in  many  prime  industries. 

Dr.  W.  F.  Smeeth  said  that  the  experi- 
ments appeared  to  show  that  dust  composed 
entirely,  or  nearly  entirelv.  of  quartz  was 
particularly  detrimental,  owing  to  its  being 
absorbed  by  certain  cells  in  continuously 
increasing  amounts,  thereby  producing  a 
cumulative  effect  of  an  injurious  character. 
The  most  noted  example  of  this  was  the 
dust  in  the  Transvaal  gold-mines,  which 
contained,  probably,  between  90%  and  95% 
of  quartz.* 

The  very  diffei'eiit  behaviour  of  shale-dust, 
which  was  composed  largely  of  silicates, 
and  of  coal-dust  was  striking  and,  he 
thought  he  might  say,  unexpected,  and  the 
mode  in  which  such  dust  was  removed  from 
the  lungs  so  as  to  avoid  cumulative  and 
permanent  injury  was  extremely  interesting. 
It  was  still  more  remarkable  that  dust  con- 
taining only  some  20%  or  so  of  silicates  or 

•  Tbis  is   an   over-statement. — Ed.     Comm. 
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coal — the  ivniainin^'  70  '  to  HOy  heiii^ 
quurt/ — should  hv  ot  a  coinparatively  nr)n- 
injurious  character,  and  lliat  so  small  a 
proportion  of  the  fr)njicr  should  he  sutticicnt 
til  start  and  maintain  the  scaven<^in<^  action 
which  prevented  the  lunj,'s  from  hecomiu",' 
permanently  overloaded  with  dust. 

Jn  the  case  of  the  Kolar  Mines  of  Mysore 
the  dust  was  composed  partly  of  quart/  and 
partly  of  various  crystalline  silicates — j)rob- 
ahly  40/,  or  more  of  the  latter — and,  so  far 
as  was  known,  this  dust  had  not  proved 
injurious  nor  given  rise,  in  any  marked 
degree,  to  miners'  phthisis.  This  ease 
appeared  to  bear  out  Dr.  Haldaue's  conten- 
tion that  the  large  proportion  of  silicate  dust 
present  was  sufficient  to  render  the  quartz- 
dust  innocuous  by  securing  its  removal  from 
the  lungs.  On  the  other  hand,  the  author 
had  referred,  more  than  once,  to  the  injuri- 
ous effects  of  granite-dust,  and  appeared  to 
suggest  that  they  were  comparable  to  the 
effects  produced  by  quaitz-dust.  (iranite 
was,  .however,  by  no  means  mostly  quartz, 
and  would  contain,  as  a  rule,  50%  or  so  of 
silicates.  Dust  from  granite  would  contain 
as  much  silicates  as  the  dust  of  the  Kolar 
I\Iines,  so  that  if  it  could  be  regarded  as 
fairly  established  that  granite-dust  was 
highly  injurious,  while  Kf)lar  dust  was 
innc^vious,  it  would  appear  to  follow  that 
immunity  was  not  dependent  simply,  or 
solely,  on  the  presence  of  a  large  proportion 
of  silicates.  Similarly,  the  dust  of  the 
Cripple  Creek  Klines  was  stated  in  the  paper 
to  contain  70".  to  80V  of  silica,  by  which 
he  (Dr.  Smeeth)  presumed  that  quartz  was 
meant,  and  to  be  without  apparent  injurious 
effect,  whereas  granite,  containing  less 
quartz  and  more  silicates,  was  said  to  be 
very  injurious. 

Those  were  points  whicli  lie  merely  men- 
tioned because  he  thought  they  required 
some  further  consideration.  With  regard 
to  the  question  of  granite,  the  author  had 
stated  that  granite-dust  was  very  injurious, 
but  he  was  not  very  clear  whether  that  dust 
was  entirely  granite-dust  or  not.  Was  it 
from  granite  quarries  or  mines,  or  some- 
thing else  in  which  granite  and  nothing  else 
but  granite  was  being  worked,  or  was  it  a 
granite  combined  with  quartz,  in  which 
case,  of  course,  one  could  get  up  to  any 
amount  of  silica  one  liked  in  the  form  of 
quartz  ?  But  if  it  were  granite-dust,  then, 
as  he  had  said,  they  had  t^vn  very  dift'erent 
cases  of  dust,  both  containing  about  50  ' 
of  silicates,  the  granite  on  the  one  hand  and 


the  Kolar  stuff"  on  the  other,  one  bad  and 
till-  other  not  bad.  He  thought  that  this 
re(|uired  further  work  or  explanation. 

Other  factors  besides  the  character  of  the 
dust  might  enter  into  the  problem — especi- 
ally when  comparing  widely-separated 
localities — and  it  would  be  a  difficult  nuitter 
to  take  account  of  all  of  them.  It  seemed, 
however,  as  though  the  experimental 
methods  described  by  the  author  slutuld  be 
capable  of  deciding  definitely  whetlu-r  the 
silicates  contained  in  the  granite  behaved 
so  differently  from  those  contained  in  the 
Kolar  rock  as  suggested  by  the  records  of 
health  of  miners.  Was  it  true  that  the 
silicates  of  the  granite  were  so  inert  that 
they  did  not  excite  the  dust-collecting  cells 
to  wander  out  and  perform  a  scavenging 
function,  while  the  silicates  of  the  more 
basic  rocks  of  Kolar  gave  rise  to  consider- 
able mobility  of  the  cells  sufficient  to  effect 
the  removal  of  the  silicate  dust,  and  the 
quax*tz  associated  with  it '.'  In  both  cases 
the  silicates  were  cx'ystalline  minerals  solidi- 
fied from  a  state  of  fusion,  and  it  would  be 
interesting  to  know  whether  the  cletm  dust 
(freed  from  quartz  for  the  purpose  of  experi- 
ment) of  one  set  of  silicates  really  gave  rise 
to  so  much  more  physiological  action  than 
that  from  the  other  set.  If  this  difference 
was  confirmed,  it  would  probably  be  related 
to  the  marked  difference  in  chemical  com- 
position of  the  two  classes  of  silicates  in- 
volved, and  further  experiment  might  show 
that  the  active  principle  was  associated 
largely  with  a  particular  mineral  or  group 
of  minerals — for  example,  it  might  show 
that  felspar-dust  was  inactive  compared 
with  dust  of  the  ferro-magnesian  minerals. 
There  might  be  other  ingredients  also.  On 
the  other  hand,  it  might  be  found  that  the 
dust,  in  these  two  cases,  after  experiment, 
did  not  yield  very  different  results,  in  which 
case  the  marked  difference  in  the  physio- 
logical action  and  pathological  results  which 
had  been  noted  would  have  to  be  sought  in 
other  causes  or  local  conditions. 

The  suggestion  that  the  activity  of  certain 
fornxs  of  dust  was  due  to  its  power  of 
adsorjition  was  extremely  interesting,  and 
this  ])ower  was,  no  doubt,  affected  largely 
by  chemical  composition.  It  would  depend 
also  on  the  physical  constitution  of  the  dust- 
particles,  and  particles  which  were  porous 
or  heterogeneous  might  be  expected  to  give 
better  results  than  solid,  homogeneous  par- 
ticles on  account  of  the  increased  opportuni- 
i   ties   thev   would  offer  for  surface   action   in 


o8 


The  Journal  of  The  Chemical,  Mitollunjicul  inul  Miiiiixj  Societi/  of   South  Africa.       Oct.  U)1S 


proportion  to  their  masses.  Tlie  quartz  par- 
ticles would  be  solid  and  free  from  cleavage 
cracks,  and  this,  combined  with  the  refrac- 
tory chemical  character,  might  well  render 
them  verv  inactive.  Most  silicates,  and 
particularly  the  basic  silicates,  would  be  less 
obdurate  chemically,  and  would  tend  to 
possess  cleavages,  or  to  occur  in  flattened 
forms  giving  rise  to  relativelv  greater  sur- 
faces. The  dust  from  shale,  even  though 
largely  crystalline,  was  likely  to  be 
extremely  miiuite  or  composed  of  minutely 
complex  particles  which  would  be  relatively 
]iorous  or  permeable  by  solutions  or  gases. 
Coal  stood  in  a  different  category,  from  a 
chemical  jtoint  of  view,  and  its  powers  of 
adsoi-jition.  which  were  referred  to  in  the 
paper,  might  be  influenced  by  porosity  and 
the  presence  of  relatively  volatile  constitu- 
ents. He  would  ask  the  author  wlietlier 
any  ex])eriments  had  been  made  with  char- 
coal-dust. Charcoal-dust  was  extremely 
porous,  and  had  great  power  of  occlusion, 
and  probably  of  adsoq^tion,  and  it  would  be 
interesting  to  know  whether,  in  similar 
circumstances,  it  would  be  more  stimulating 
than  coal-dust. 

In  view  of  the  suggestion  that  miners  and 
others  who  had  to  inhale  dangerous  forms 
of  dust  might  be  made  to  inhale  a  propor- 
tion of  highly  active  dust,  with  a  view  to 
promoting  a  scavenging  action,  the  search 
for  a  still  more  active  dust  than  that  pro- 
duced from  coal  might  be  worth  considera- 
tion. 

He  would  like,  also,  to  ask  whether  the 
tubercle  bacilli  were  taken  into  what  Dr. 
Haldane  had  called  the  "  dust-collecting 
cells  "  in  nomial  cases  in  which  there  might 
be  no  absorption  of  mineral  dust.  If  so, 
would  a  course  of  dusting  with  a  highly 
active  form  of  dust — such  as  coal-dust  or, 
perhaps,  charcoal — tend  to  promote  the 
removal  of  the  cells  containing  the  bacilli, 
and  so  reduce  or  remove  the  opportunity  fo: 
phthisis  to  develop  ? 

Mr.  John  Gerrard  said  that  if  anyone 
.-suffered  in  cou.s'Mpicnce  of  the  use  of  shale- 
dust,  surely  these  youths  who  threw  on  to 
the  sides  of  the  roads  handfuls  of  shale-dust 
and  took  some  of  it  into  their  lungs  hour 
after  hour  would  liave  been  dead  long  ago. 
Tn  T>ancashire  shale-dust  was  being  distri- 
])uted  on  the  roof  and  sides  of  the  roadways 
from  the  bottom  of  the  downcast  shaft  to 
the  bottom  of  the  upcast  shaft.  He  had 
been  more  than  once  through  tlic  r)peration, 
and  liiid  come  out  of  tlie  pit  sniotlicred  with 


stone-dust,    and   liad    never   sufporrd    in    tlie 
slightest   degree   from    iulialini,'   that   (l\i>t. 

Mr.  C.  C.  Ellison  thought  it  was  generally 
agreed  tliat  the  men  who  got  most  dust  into 
their  lungs  were  tlie  men  who  were  working 
on  the  screens  or  in  connection  with  giind- 
ing  machinery.  They  probably  breatlu-d  an 
atmosphere  two  or  three  times  worse  than 
that  which  was  breathed  at  the  coal-face  or 
in  the  workings.  It  had  alwaxs  surprised 
him  how  very  few  epidemics  thei\'  were  in 
the  mine  amongst  the  men  or  amongst  the 
loonies.  He  thought  they  all  knew  what  a 
high  value  the  coal  had  from  a  disinfecting 
point  of  view.  The  (piestion  was  wlietlier 
the  breathing  of  that  dust  did  not  help  in 
many  ways  to  kill  other  germs,  and  so  make 
tlie  men  liealtliv  in  directions  other  tlian 
with  regard  to  the  lungs.  Would  Dr.  Hal- 
dane tell  them  what  his  experience  in  that 
direction  had  been  ?  I^ven  if  Dr.  Haldane 
had  not  made  a  study  of  tliis  question,  he 
was  quite  sure  that  from  his  very  keen 
observation  in  connection  with  mines  he  had 
])robably  something  instructive  to  tell  them 
from  the  practical  observation  which  he 
liad  made  in  liis  travels. 

Mr.  Alexander  Richardson  sjud  that  he 
appreciated  tlie  jjrivilege  of  being  allowed  to 
take  part  in  their  proceedings,  particularly 
as  the  paper  under  discussion  would,  he 
miderstood,  be  read  also  before  the  South. 
African  society. 

In  the  old  days  of  gold-mining  in  the 
Transvaal  phthisis  arising  from  the  presence 
of  siliceous  particles  in  mine  air  received 
little  attention,  partly  because  the  true 
seriousness  of  the  danger  was  not  recog- 
nized, and  partly  because  it  was  the  busi- 
ness of  no  one  in  particular  to  investigate 
it.  Public  intei'est  in  the  matter  was 
aroused  some  thirteen  years  ago  l)y  the 
reading  of  a  paper  by  ])rs.  ]\Iacaulay  and 
Irvine  before  the  local  mining  society,  and 
since  then  the  Union  Goverament  and  the 
mining  companies  had  been  active  in  their 
endeavours  to  secure  purer  mine  atmo- 
spheres. For  the  removal  or  avoidance  of 
dust  in  Rand  mine  atmospheres  the  follow- 
ing means,  amongst  others,  had  been  tried  : 
Water-jets,  sprays,  and  atomizers ;  spraying 
with  a  dilute  solution  of  molasses ;  water- 
blasts  ;  water-fed  drills  ;  lespirators  ;  mech- 
anical ventilation;  and  single-shift  working. 
While  all  these  had  jiroved  beneficial  in  a 
greater  or  less  degree,  it  was  ])robable  that 
the  last  two  were  the  most  promising 
develr)],ments  at  the  present  time.     Neither 


•Oit.  1!)IS 


./.  N.   Ihtl'liiiit  .^TliL  KjI'tntMof  Dii"!  [iilmlnhon. 


59 


spriiNs  nor  ii'spirMtors  seemed  (luite  siieeess- 
ful  ill  arresting'  the  very  tine  inipMlpaljle 
purtieles  wliieli  rioated  witli  tlie  air-eurrents 
■evervwliere  and  leaelied  evervhody.  'J'lio 
paper  t^ave  rise  to  the  sii«![<^estion  that 
workers  in  mines  where  tlie  dust  was  (piart/- 
itic  should  now  and  llien  l)e  employed  in 
coal-  or  other  mines  where  the  dust  was 
heuetieent  in  its  aetion  on  the  lun^s.  ]^y 
such  a  chanjije  of  environment  they  would 
be  at^'orded  an  opportunity  of  recuperating 
their  liealth  without  any  financial  loss  to 
themselves. 

Mr,  D.  M,  Mowat  said  that  Dr.  Smeeth 
liad  antici|)atL  d  a  I'emark  which  he  was 
going  to  make  an!  to  the  possible  ap])lieation 
of  coal-dust  to  tlie  y)revention  of  ]>hthisis. 
He  had  had  a  visit  the  previous  week  from 
a  wood  merchant  from  Inverness.  It  was 
his  first  visit  to  Coatbridiie.  which  was 
rather  a  smoky  place.  He  (Mr.  Mowat) 
had  said:  "  \Miat  do  you  think  of  our  sana- 
toiium  ?  "  His  visitor  looked  out  of  the 
window,  which  was  in  such  a  position  that 
the  sanatorium  looked  ouite  l)lack,  and 
said  :  "  That  is  not  the  sort  of  place  in  which 
Me  build  sanatoria  ;  we  build  them  on  the 
hills."  He  realized  while  ~W\  Haldane  was 
reading  the  paper  that  this  practice  was 
wrong.  People  were  taken  away  to  a  place 
where  there  was  no  chance  of  getting  a 
particle  of  dust,  the  healthy  remedial  dust 
which  would  do  some  good  to  a  man's  lungs. 
Was  not  that  a  mistake  ?  ^liijht  it  not  be 
advantageous  to  have  in  a  sanatoriuiTi  some 
place  where  a  man  could  l)e  introduced  into 
coal-dust  of  the  proper  amount,  that  dust 
being,  as  had  been  proved  by  the  results  of 
ex])eriments  on  guinea-pigs,  of  help  in  get- 
ting rid  of  the  tubercle  bacilli ".'  If  the 
paper  led  to  no  other  good  than  such  a 
suggestion  being  put  into  practice  and  found 
to  be  serviceable,  it  would  have  served  a 
great  purpose. 

The  Chairman  (Sir  William  Garforth) 
said  tliat  Sir  Henry  Hall  had  stated  that  if 
the  roads  were  stone-dusted  and  the  stone- 
dust  became  covered  with  coal-dust,  the 
danger  was  as  before :  but  he  seemed  to 
have  forgotten  that  the  i)ockets  and  inter- 
stices of  the  mine  were  also  filled  with 
stone-dust.  It  might  also  be  pointed  out 
that  the  stone-dust  was  so  heavy  that  it 
allowed  for  a  velocity  of  air  far  in  excess  of 
the  quantity  required  to  ventilate  a  coal- 
mine without  being  removed  until  the  coal- 
dust  had  been  raised  from  the  roadway.  A 
velocity  of  air  of  1.000    or    1.200    feet    per 


minuti-  did  not  remove  the  coal  dust,  but 
when  e(pial  to  1,500  fe<'t,  that  was  sufficient 
to  take  away  the  coal-dust  ;  but  the  stone- 
dust  still  leniained  until  a  velocity  of  2,000 
feet  was  reached.  .Members  (A  the  Miners' 
Federation  who  had  visit' d  .\liofts  seme 
tinie  ago  had  been  fully  s.-itisfied  fronj  the 
experiments  shown  them  tliat  all  tlie  \en- 
tilation  which  was  required  for  a  miu"  (ould 
be  obtained  without  interfering  with  the 
coal-dust  or  the  stone-dust., 

Dr.  J.  S.  Haldane,  in  reply,  sa;d  that 
Sir  Heiny  Cimyngiiame  had  just  hit  the  nail 
(.n  the  head  as  to  what  the  re.ai  function  (.f 
meJieine  was  when  he  said  tiiat  what  one 
could  do  in  the  way  of  j-.eiping  the  body  was 
only  to  assist  Nature.  If  a  num's  lungs 
were  injured  by  inflanmiai  io.i,  the  doctor 
could  do  absolutely  nothing  by  dir"ct  means 
to  restore  the  structure.  The  structure  \tfis 
infinitely  fine  and  delicate,  i^nd  the  doctor 
was  not  like  a  watchmaker,  who  could  put 
in  a  new  wheel  here  and  a  new  part  there. 
But  what  the  doctor  could  oo  was  to  study 
how  Nature  mended  those  things  and  then 
to  study,  beyond  that,  how  he  could  assist 
Nature  in  the  process.  Stone-dusting  was 
a  very  good  instance  of  the  sort.  He 
thought  it  was  typical  of  what  medicine 
could  hope  to  do.  No  medical  or  surgical 
skill  could  by  itself  extract  those  dust-par- 
ticles out  of  the  lungs  when  once  they  were 
there  ;  but  one  could  study  how  Nature  got 
rid  of  them,  and  then  one  could  assist 
Nature  by  putting  in  some  other  dust  which 
would  help  the  process. 

With  regard  to  Sir  Henry  Hall's  com- 
munication, Sir  William  Garforth  had 
already  discussed  Sir  Henry's  contention  to 
some  extent,  but  there  was  one  point  he 
wished  to  mention.  Sir  Henry  Hall  had 
])ointed  out  that  when  a  mine  had  been 
stone-dusted  a  larger  and  dark-coloured  or 
black  dust  would  be  found  after  a  short 
while  on  the  top  of  the  stone-dust,  which 
he  assimied  (the  speaker  believed  quite 
wrongly)  to  be  pure  coal-dust.  If  one 
examined  that  dust,  although  it  was  dark 
in  colour,  one  usually  found  that  there  was 
70^/  or  so  of  stone-dust  in  it :  it  was  quite 
an  unexplosive  stuff ;  and  even  if  it  were 
explosive,  it  would  not  matter:  if  anv  violent 
shock  came  like  blasting,  it  would  stir  i 
the  whole  lot  of  dust. 

Sir  Henry  Cunynghame  said  they  had 
tried  that  very  exi^erinienl  in  the  experi- 
mental gallery  for  the  pui-pose  of  finding 
this  out,  as  Dr.   Haldane  woidd  remem])er. 
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The  exact  point  was  tried  repeatedly.  They 
had  put  pure  coal-dust  on  the  top  of  the 
.-itone-dust,  and  had  then  stirred  up  the  two 
dusts  tot^ether. 

Dr.  Haldane  said  that  Dr.  CoUis's  com- 
munieaticii  was  very  interesting.    Dr.  CoUis 
had  done  a  great  deal  of  very  valuable  work 
on  the  subject.     He  (Dr.  Haldane)  thought 
that    one    of    the    most    valuable    scientific 
points    was    his     investigation    of    miners' 
phthisis   amongst   tlint-knappers,   who  were 
engaged  in  dressing  tlints.     The  flints  were 
got  out  of  the  chalk  by  a  primitive  kind  of 
mining  which  had  come  down  for  thousands 
of  years,  and  those  flints  were  chipped  into 
a   suitable   form   for  flint-lock  gims,    or  for 
lighting    pipes,    or    any    purpose    for    wliich 
flhits  were  still  used.    The  men  who  chipped 
these    flints    into    proper    form    worlced    in 
sheds.      If   one    went    into    the    sheds    one 
would  not  regard  it  as  a  dusty  occupation 
at  all,  but  there  was  a  slight  smoke  always 
arising  from   each   chip.      He   did  not   sup- 
pose  that   the   amount  of  silica  these   men 
breathed    was    a    tenth    of    what    a    miner 
breathed  in  the  course  of  his  ordinary  work, 
but  it  was  pure  silica,  and  it  was  very  fine. 
Both    Dr.    Coll  is    and    Dr.     Smeeth    had 
raised  a  very  definite  question.      Attention 
was   drawn    to   the   difference    between   the 
effects   of  granite-dust   and   those   of  shale- 
dvxst,  and  Dr.   Smeeth  had  put  it  very  dis- 
tinctly that  in  granite  there  was  more  silica, 
but    not    more    quartz    than    in    shale-dust. 
The  proportions  were  somewhere  about  the 
same  ;  and  yet  granite-dust  was  dangerous  ; 
it  was  granite-dust  which  did  the  hanxi  in 
Cornish  mines.     Granite   was   composed   of 
crystals  of  quartz,  of  felspar,  and  of  mica, 
and  all  those  bodies  were  crystalline ;  they 
were    not    in    the    amoi'phous    form.       He 
thought  the   probability  was  that  both  the 
felspar  and  the  mica  were  more  or  less  dan- 
gerous dusts  as  well  as  the  quartz.     At  any 
rate,  the  dust  was  in  a  solid  crystalline  form, 
and  it  had  no  property  of  adsorljing  things 
into  it. 

Dr.  Smeeth  said  thr  point  was  that  the 
Kolar  stuff  was  equally  crystalline,  and  was 
quite  as  crystalline  as  granite.  Of  course, 
a  great  deal  of  shale  was  crystalline  too. 
There  might  be  a  little  amorjjhous  mateinal. 
There  was  a  difference  of  physical  cliaracter, 
but  Kolar  stuff  contrasted  with  granite  was 
equally  crystalline — they  were  both  crystal- 
line rocks. 

Dr.  Haldane  said  if  tliat  were  so,  it  pre- 
sented a  difficulty.     The  Cripple  Creek  stuff 


was    amorphous    looking.      Were   the    Kolar 
rocks  c-rystalline  ? 

Dr.  Smeeth  said  they  were  very  largely. 
The  dift'erence  between  llir  Kdlar  silicates- 
and  those  of  granite  was  chemical  rather 
than  physical. 

Dr.  Haldane  said  so  far  as  his  experience 
went  it  seemed  that  the  dift'erence  depended 
upon  the  physical  rather  than  ujion  the- 
chemical  state,  but  it  might  be  that  the 
chemical  composition  was  a  factor  that  told. 
He  thought  that  the  only  thing  which  could 
decide  that  was  further  experiments,  which 
they  intended  to  carry  out.  Almost  the 
next  thing  they  intended  to  try  was  ground 
crystalline  felspar. 

Mr.  Mowat  asked  whether  the  distinction 
might  not  be  between  igneous  and  aqueous. 
Shale    was    aqueous    and    the    Kolar    stuff' 
which    Dr.     Smeeth    had    spoken     of    was- 

igneous. 

Dr.  Haldane  said  all  be  could  say  was 
that  the  stuff  in  Cripple  Creek  was  igneous. 

Dr.  Smeeth  said  the  point  was  that  in 
the  Kolar  stuff'  one  had  the  crystalline 
structure  as  in  the  granite,  and  not  more  in. 
one  than  in  the  other.  The  only  dift'erence 
was  the  chemical  composition.  That  was 
why  he  suggested  it  might  well  be  worth 
while  to  make  an  experiment  on  silicates. 

Dr.  Haldane  thought  that  it  would.  There- 
was  so  nuK'li  about  the  matter  which  was 
unintelligit)le.  He  had  often  speculated 
abcHit  the  point  that  was  raised  so  clearly 
and  definitely  by  Dr.  Smeeth  in  regard  to 
granite.  There  was  no  doubt  about  granite 
being  harmful,  although  it  was  not  so 
Jiarmful  as  puiv  silica.  The  case  wliicli 
Dr.  Collis  mentioned  of  the  ganister-brick 
makers  was  one  of  great  interest.  Where 
one  mixed  ganister  with  fireclay,  as  Dr. 
Collis  had  found,  for  instance,  in  Stirling- 
shire, where  a  quantity  of  high-resistance- 
bricks  were  made,  there  seemed  to  be  no 
lung  trouble  at  all ;  the  addition  of  the  fire- 
clay to  the  ganister  seemed  to  neutralize  the 
bad  effect.  As  Dr.  Collis  had  mentioned, 
the  figures  were  in  a  blue  book  published  a 
year  ago  by  Dr.  Collis  and  another  gentle- 
man. He  had  not  seen  them  when  he- 
wrote  his  paper,  but  he  had  seen  them  since, 
and  they  were  very  significant.  With 
regard  to  the  case  of  the  potters  to  which 
Dr.  Collis  had  also  referred,  the  only  thing 
which  would  clear  the  matter  up  was  more 
experiments.  With  regard  to  Dr.  Smeeth 's 
verv  valuable  contribution  to  the  discussion. 
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b»'  would  like  to  say  that  he  aji;ived  fnlirdv 
with  his  course  of  rt'asoninf^  on  tla*  suhji-ct. 
I  )r.  Snii'otli  had  pointed  out  praeticallv 
what,  must  l)f  the  direction  of  future 
research  on  the  suhject.  With  re<,'ard  to 
Mr.  Mowat's  point  as  to  makin*,'  a  saiia- 
toriuin  at  ('oatl)ridf2;c,  he  did  not  know  liow 
to  express  an  ojiinion  r)n  that  sul)ject ;  hut 
at  a  previous  meeting,'  lie  had  suji;^'ested  that 
It  would  be  a  j^ood  thin^j  at  the  meeting's  of 
the  Institution  to  train  their  lunfrs  u  little 
tiit  in  the  wav  of  getting  rid  of  harmful 
particles  hy  smoking.  He  thought  that  it 
was  (juite  possible  that  the  air  at  Coatbridge 
might  in  some  way  be  good  for  jihthisis.  It 
seemed  at  first  an  absurd  thing  to  imagine, 
but  he  did  not  see  why  it  should  l)e  absurd. 
There  was  the  fact,  which  had  been  a  puzzle 
for  many  yeai-s,  that  coal-miners  suffered 
less  from  phthisis  than  other  people.  Some 
ex[>eriments  had  been  made  on  guinea-pigs 
which  gave  the  result — he  could  not  guar- 
antee it — that  guinea  ])igs  wliich  had  inluded 
coal-dust  were  less  susceptible  to  infection 
with  tubercle  bacilli.  The  experiments  were 
done  in  this  way  :  the  guinea-pigs  were  fii-st 
exposed  to  coal-dust  for  some  time,  then 
tubercle  bacilli  were  sprayed  into  the  air, 
and  the  result  was  that  the  guinea-j^igs 
which  had  had  the  coal-dust  seemed  to  be 
less  susceptible  to  the  bacilli  of  tuberculosis 
than  the  others.  Those  experiments  were 
carried  out  in  America. 

With  regard  to  a  question  jnit  by  1\\ 
Smeeth,  he  would  like  to  mention  that  in 
a  paper  just  published  by  the  late  Major 
Sewell  of  Newcastle  Medical  School  {Journal 
of  PathoUgii,  1018,  Vol.,  XXII.,  page  40) 
clear  evidence  was  brought  forward  that  the 
cells  in  the  lungs  which  take  up  dust-par- 
ticles take  up  also  tubercle  bacilh  and  other 
micro-organisms. 

Notices  and  Abstracts   of  Articles  and 
Papers. 


CHEMISTRY. 

Electrolysis  of  C'yaxibe  Solutions. — 'Further 
investigations  in  the  recovery  of  gold  from  cyanide 
solutions  by  electrolysis  is  indicated  in  a  patent 
granted  to  U.  ('.  Tainton  and  M.  F.  L.  A.  Aymard, 
of  Johannesburg,  Transvaal,  South  Africa.  The 
invention  comprehends  passing  solution  under 
pressure  through  porous  electrodes  arranged  in  an 
apparatus  similar  to  a  filter  press,  anodes  and 
cathodes  alternating  with  distance  frames.  The 
object  is  to  bring  the  solution  into  intimate  contact 
with  the  material  of  the  electrodes,  thereby  over- 
coming a  defect  in  former  processes.  The  inventors 
claim  to  be  able  to  precipitate  99%  of  the  gold 
contained    in    a    solution    of    3    dwt.    per    ton    in    a 


cinRle  passage  «if  the  solution  through  the  pie.  ii.,.io 
in  a  i)eriod  of  less  than  fi  seconds.  Ejcctrodi-s  are 
in  the  form  of  filter  frames,  the  anode  Ijejng 
composed  of  sheets  of  pero.\idi/ed  lead  covered 
with  filter  cloth,  an<l  the  cathode  of  filter  cloth 
supported  on  each  side  by  wire  gau/e  or  perforated 
metal  plate.  In  operation  this  cathode  is  to  be 
covered  with  conmiinuted  conducting  material, 
such  as  finely  divided  gra;>hite,  which  is  deposited 
out  of  a  li<|ui(l  carrying  th-i  same  in  suspension. 
When  tlie  apparatus  is  thus  i)repared  for  use.  a 
gold-bearing  solution  is  pas.sed  through  it,  and  gold 
is  deposited  on  the  graphite  of  the  cathode."  — 
Tainton  and  AY.M\iti>,  MkI.  and  Chem.  Eng., 
October  1,   1917,   p.   438.     (J.   A.   W.) 


Separation  or  Lead  as  Pho.si'hate  from  Anti- 
mony.— "  A  metlind.  which  is  useful  for  the  analysis 
of  hardened  lead,  def)ei)ds  on  the  quantitative  pre- 
cipitation of  lead  as  j)lios|ihate  from  an  ammoniacal 
solution  containing  a  tartrate.  The  solution,  con- 
taining about  05  gm.  of  lead  nitrate,  is  treated 
with  5  gm.  of  tartaric  acid,  then  made  slightly 
ammoniacal.  heated  to  80°  ("..  and  treated  with 
100  cc.  of  10",,  ammonium  phosphate  .>;olution 
(sodium  or  potassium  phosphate  must  not  be  used). 
The  mixture  is  maintained  at  about  75°  f.  for  16 
hours,  cooled,  the  precipitate  collected,  washed 
with  dilute  ammonium  nitrate  solution,  dried, 
ignited  at  a  low  temperature,  and  weighed.  If  a 
sufficient  quantity  of  tartaric  acid  is  present,  anti- 
mony is  not  precipitated  under  these  condition.^ 
and  may  be  separated  as  sulphide  from  the  filtrate 
from  the  lead  phosphate." — Ci.  Vortmann  and 
A.  Baokr,  Z.  (in.il.  Chfrn..  1917.  r,i;.  577-580.— 
Joxir.  Sor.  Chnn.  Ind..  April  30.  1918.  p.  211a. 
(A.   W.) 


Identification  of  Molybdenite. — "  During  the 
course  of  an  investigation  for  molybdenum.  I  hap- 
pened to  find  a  most  accurate  and  rapid  method  nf 
identifying  its  principal  mineral,  molybdenite.  A 
small  piece  of  caustic  potash  is  melt*d  in  a  frag- 
ment of  a  broken  porcelain  dish  and  then  a  little 
of  the  suspected  mineral  is  added.  Within  five 
minutes,  if  the  sample  is  molybdenite,  it  swells, 
dissolves  rapidly,  giving  the  mass  an  intense  red 
yellowish  colour,  and  not  a  single  speck  of  the 
brilliant  scaly  mineral  is  to  be  seen.  When  cnol, 
if  a  few  cubic  centimetres  of  water  be  added  to 
the  residue  of  fusion,  and  afterwards  some  drops  of 
hydrochloric  acid,  the  colour  begins  to  change  and 
in  spots  appear  the  blue,  green,  yellow  and  red. 

The  reaction  can  be  explained  as  follows : 
Molybdenite  (MoS.,)  having  two  atoms  f)f  sulphui', 
gives  up  one  of  them  to  the  molten  potash  and 
forms  a  double  sulphide  of  red  colour,  just  as  the 
one  created  in  an  ammonium-sulphide  solution  and 
which  is  familiar  to  most  chemists.  Although  the 
monosulphide  of  molybdenum  has  not  yet  been 
isolated,  probably  due  to  its  instability,  the 
indicated  reaction  tends  to  prove  that  it  exists  in 
combination   with   alkaline  sulphides. 

I  utilize  this  same  reaction  for  quickly  getting 
into  solution  the  molybdenite,  in  the  determina- 
tions of  the  metal,  and  it  constitute.?  a  convenient 
and  rapid  method :  while  it  takes  a  long  time  to 
dissolve  molybdenite  by  means  of  aqua  regia,  nitric 
or  hvdrochloric  acid,  or  even  through  the  powerful 
oxidizing  action  of  chlorine  gas  on  a  concentrated 
solution  of  caustic  ootash." — F.  C.  FrcHS. — Eng. 
and  Min.  Journal.  June  1.  1918,  p.  991. 
(H.  A.  W.) 
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A  New  Sei'aratiox  of  Ti\  and  Tungsten  in 
Staxxikerous  Wolkham. — ■•  Pulverize  the  mineral 
carefully  and  fuse  it  witli  anhydrous  Na.SO,.  Take 
up  the  fused  mass  with  boifing  H.O.  dilute  the 
solution  to  700-800  cc.  and  acidify  it  slightly.  The 
brown  SnS  precipitate  obtained  entrains  with  it 
some  SiO,  and  sulphides  of  Mn  and  Fe,  but  no 
H,\VOj.  To  purify  the  precipitate  dissolve  it  in 
(NH,),Sj  re-precipitate  it  as  SnS^  and  calcine  it 
to  SnO,.  To  determine  \V  fuse  another  sample 
with  Na,SO,  and  take  up  the  mass  directly  with 
aqua  reg'ia  causing,  thereby,  the  precipitation  of 
the  major  part  of  the  H,\VO,  along  with  SiO,.  The 
separation  is  not  quaint,  however,  because  of  the 
presence  of  metatungstic  acid.  Treat  the  filtrate, 
which  should  contain  Fe  (the  10%  usually  present) 
in  the  mineral  is  sufficient)  with  NH^UH  without 
rjrcf.?.*  to  bring  down  Fe(OH),,  which  entrains  the 
\V  acid.  Wash  the  precipitate  free  from  Na  s^lts, 
dissolve  it  on  the  Hlter  with  50%  HC'l  solution, 
evaporate  the  filtrate  to  dryness  and  take  up  the 
residue  with  HCl.  Separate  SiO.  by  the  ordinary 
methods.  The  H,\VO,  retains  only  traces  of  Fe, 
less  than  02  mgm.  Fe,0,." — Travers,  C'ompt. 
rrnd.,  lO'j.  408-10  {l9U).—C/itmical  Abstracts, 
April   20,    1918,  p.    794.     (J.    G.) 


METALLURGY. 

Metallic  Coatings  on  Glass.^ — "  In  Glashute  a 
new  application  is  described  of  the  so-called  Schoop 
process  for  applying  metallic  coatings  to  glass. 
According  to  this  process  the  surface  of  the  glass 
is  heated  until  it  just  begins  to  .soften  and  the 
surface  is  then  sprayed  with  finely  divided  metallic 
priwders.  The  metallic  particles  are  thus  driven 
into  the  surface  of  the  glass  and  a  very  durable 
metallic  coating  ensues.  It  is  stated  that  when 
the  under  surface  of  a  glass  flask  is  treated  with 
copper  or  aluminium  in  this  way  the  water  can 
be  raised  to  boiling  point  in  three-quarters  of  the 
time  that  would  otherwise  be  necessary,  and,  in 
addition,  the  vessel  is  much  less  liable  to  crack. 
One  would  imagine  that  this  process  would  have 
u.seful  applications  for  the  treatment  of  glass  re- 
flectors for  lighting  purposes." — Indian  Engineer- 
ing, March  9,   1918,  p.   135.     (J.  A.  W.) 

Efficiency  of  Zinc-Dust  Precipitation. — "Among 
the  papers  offered  for  the  St.  Louis  meeting  of  the 
American  Institute  of  Mining  Engineers  in  October 
is  one  on  zinc-dust  precipitation,  by  W.  J.  Shar- 
wood,  metallurgical  chemist  for  the  Homestake 
Mining  Co.  After  discussing  the  history  and 
principles  of  the  process  and  the  methods  of  its 
application,  the  author  takes  up  the  efficiency  of 
precipitation. 

'  A  precipitating  efficiency  of  100%  assumes 
pure  zinc,  1  atom  of  which  should  precipitate  2 
atoms  of  silver  or  its  equivalent  in  gold  or  copper 
from  the  double  cyanide.  At  this  rate  1  unit 
weight  of  zinc  should  precipitate  603  units  of 
gold,  330  of  silver,  or  193  of  copper,  but  in 
actual  practice  the  results  are  much  lower. 
Applied  to  commercial  dust,  the  lab(jratory  test 
u.'^ually  .shows  an  efficiency  value  of  30  to  60%. 
Some  extremely  fine  and  pure  '  artificial  '  zinc- 
dusts,  prepared  by  redistillation  of  spelter,  have 
.shown  laboratory  efficiencies  of  75%  or  more, 
and  pure  electrolytic  zinc  powder  is  claimed  to 
be  equally  good.  Otherwise  the  efficiency  is 
generally  higher  when  lead  is  present  to  the 
•extent  of  a  per  cent,  or  two.     Distinctly  coarse  or 


granular    zinc    preparations    generally    show    veiy 
low  results. 

'  Judged  by  the  actual  precious  metal  precipi- 
tated, the  working  efficiency  on  a  large  scale 
may  be  a  mere  fraction  of  1%  in  the  case  of 
low-grade  gold  solutions.  A  considerable  amount 
of  zinc  is  always  wasted  in  side-reactions,  such 
as  the  evolution  of  hydrogen,  reducing  dissolved 
oxygen,  or  precipitating  copper  and  lead.  With 
rich  silver  solutioiis  the  efficiency  may  approach 
50%,  especially  if  no  attempt  is  made  to  recover 
the   last   traoes   of  silver. 

'  A  practical  example  of  mixed  precipitation 
may  be  taken  from  the  records  of  the  Drum- 
lummon  tailing  plant,  covering  three  season.s,  or 
twenty-four  months  of  treatment  of  sandy  tailing 
by  leaching,  the  silver  being  largely  in  excess  of 
the  gold. 

Sand  treated  290,000  tons 

Solution  precipitated  390,000  tons. 

Lb.  Av. 
Precipitate   obtained  104,000 

Zinc-dust    used  113,600 

Metallic   zinc-diist  102.240 

Zinc  remaining  in  precipitate  40,300  =  39'4% 
Zinc    dissolved  61,940  =  60-6% 

Gold   in   precipitate  2,380=   0-39%  effi'ncy 

Silver  in  precipitate  16,000=   4-75%  effi'ncy 

Copper  in  precipitate  7,800=   3-93%  effi'ncy 

Total  effi'ncy  (Au,  Ag,  Cu)  9-07%  effi'ncy 

'  Percentage  efficiency  is  calculated  by  dividing 
the  weight  in  pounds  bv  the  electrochemical 
equivalent  (Zn  32-7,  Au  197-2,  Ag  107-88,  Cu  63-5, 
and  Pb  103-6,  under  tliese  conditions)  dividing 
the  quotient  by  the  number  of  equivalents  of 
zinc  used,  and  multiplying  by  100.  The  metallic 
zinc  in  dust  has  been  taken  throughout  at  the 
approximate   figure   of   90% 

'  Another  instance  may  be  taken  from  the  pub- 
lished results  of  a  month's  run  (May,  1911)  of 
Sand  Plant  No.  1  of  the  Homestake  Mining  Co., 
in  which  the  silver  is  about  1  %  of  the  gold 
value.  Some  lead  was  added  to  the  .solution  as 
nitrate   and   recovered   in    the    precipitate. 

'  The  efficiency  for  gold  was  ri8%,  for  silver, 
0-73%,  and  for  copper  0-19%,  in  the  "weak 
solution,"  making  a  total  efficiency  of  2-1%. 
Similarly  the  efficiency  (Au,  Ag,  Cu)  in  the  "  low 
solution"  was  only  0-71%.  At  the  same  time 
about  1%  of  the  zinc  was  consumed  in  precipitat- 
ing  lead.' 

That  such  low  efficiencies  are  tolerated  in  gold 
extraction  is  explained  by  the  fact  that  when  '  low 
solution  '  is  going  to  be  thrown  away  it  is  obviously 
worth  while  to  extract  the  last  2c.  worth  of  gold 
recoverable,  if  this  can  be  done  at  the  expense  of 
Ic.  for  zinc,  making  a  fair  allowance  for  refining 
cost.  With  zinc  at  14.5c.  per  pound,  1  oz.  Troy 
costs  Ic.  If  this  ounce  is  used  to  precipitate  0001 
oz.  of  gold  (2c.)  from  a  ton  of  waste  solution  the 
practice  is  defensible." — W.  J.  Sharwood,  Mctall. 
find  Chcm.  Eny.,  October  1,  1917,  p.  437. 
(J.    A.    W.)  

Working  PiEsults  of  a  Rennerfelt  Electric 
Stefx  Furnace. — "  In  the  course  of  the  discussion 
of  a  paper  on  the  '  Prospects  of  the  Electric  Steel 
Furnace  in  Sweden,'  by  Mr.  Otto  Frick,  Mr.  I. 
Rennerfelt  and  Chief  Engineer  H.  von  Eckermann, 
put  in  the  following  figures  as  actual  results,  with 
a  1^  ton  Rennerfelt  furnace  (arc-type),  at  Ljusne 
in  Sweden,  during  the  five  days,  from  21st  to  25th 
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November,  1916  : — According  to  them,  12  charges 
were  dealt  with  in  the  furnace  in  (jiiestioii,  the 
average  net  time  per  charge  being  6  hours  39 
minutes.  The  average  input  was  127  metric  tons, 
of  which  19o°,,  consi.sted  of  common  Swedish  grey 
pig-iron,  fio^o  of  billet  croppings,  Or.')",,  of  bar 
croppings,  and  So^o  of  sciap.  Tlie  additions  were 
in  eleven  of  the  charges,  feri'o-niangane.se  and 
ferro  silicon,  plus  in  fi\e  charges,  small  doses  of 
aluminium,  some  flux  being  added  (Kiiruna  ore  = 
rS",',  average  of  the  charge)  in  every  case,  plus  a 
small  quantity  of  lime  in  one  case.  The  average 
output  (including  scrap  left)  was  1,236  metric  tons 
per  charge  ;  hence  the  loss  was  2'44",,-  The  scrap 
left  oxer  represented  10  12'^'o  of  the  weight  of  the 
ingots  and  direct  castings  produced.  The  consump- 
tion of  electrodes  w\is  51  kg.  (ir22  lb.)  per  metric 
ton  (2'205  lb.),  and  the  energy  consumed  1,010  kw. 
hours  per  metric  ton  of  steel  (with  021  °,',  carbon) 
produced.  The  work  of  the  furnace  was  intermit- 
tent, hence  the  larger  consumption  of  energy. 
With  continuous  working  and  producing  steel  with 
a  carbon  content  of  r2()",,,  the  chief  engineer 
thought  the  average  current  consumption  could  be 
reduced  to  800  kw.  hours  per  ton  of  steel  pro- 
duced."— H.  vox  EcKERM.xxx.  —  Indian  Engineer- 
ing, March   16,   1918,  p.    149.      (J.   A.   W.) 

Life  of  Electric  Furx.ace  Lixixg. — "  The  Hess 
Steel  Corporation  of  Baltimore,  U.S.A.,  claims  to 
have  established  a  new  record  in  its  plant  for  the 
life  of  furnace  linings,  when  the  lining  of  its  Xo. 
2  furnace  (a  6-ton  Heroult)  lasted  for  146  heats, 
but  ^Ir.  Axel  Paulsson,  metallurgist  to  Messrs. 
Hamilton  .and  Hansell,  of  New  York,  in  a  letter 
recently  addressed  to  "  The  Iron  Age,"  states  that 
he  has  records  of  a  basic-lined  Rennerfelt  furnace 
working  in  the  I'nited  States  in  which  as  many  as 
160  heats  of  steel  have  been  made  without  repairs 
to  the  silica  roof  or  sides,  and  that  with  acid-lined 
furnaces  more  than  200  heats  have  been  made  with- 
out repairs." — Edit,  Indian  PJnginrering,  March  30. 
1918,   p.    177.     (J.    A.   W.) 

L.XRGEST  Electric  Steel  Furxace.  —  "The 
largest  electric  furnace  in  the  world  for  making 
steel  has  now  been  successfully  operating  about  one 
year  at  Pittsburgh.  It  was  originally  built  to  hold 
20  tons  at  a  charge,  but  it  regularly  makes  25  tons, 
and  has  produced  as  high  as  30  tons  at  a  time. 
It  is  the  Heroult  type  of  furnace,  so  called  from 
the  French  designer.  In  the  United  States  and 
Canada  it  has  met  with  more  success  than  any 
ntlier  fnnn  f)f  electric  steel  furnace.  There  are  now- 
over  160  of  them  either  operating  or  under  contract 
in  this  country  and  in  Canada.  This  particular 
furnace  is  in  the  Duquesne  plant  of  the  Carnegie 
Steel  Co.  .and  is  the  only  one  of  its  size  now  run- 
ning. There  are.  however,  three  more  in  process 
of  being  erected  at  Garj^  Indiana,  which  will  be 
operating  soon.  Six  heats  are  made  every  24  hours 
in  this  furnace,  and  the  charge  is  liot  metal  from 
large  basic  open-hearth  furnaces  nearby.  The  steel 
that  it  yields  is  of  the  highest  quality,  and  is  used 
principally  for  small  gun-forgings  required  by  the 
U.S.  government.  Two  further  furnaces  similar  to 
this  are  now  operating  at  the  plant  of  the  Illinois 
Steel  Co..  South  Chicago.  Illinois,  and  a  third  is 
being  installed.  With  its  two  15-tnn  furnaces,  this 
is  the  largest  electric  steel  plant  in  the  world." — 
Minin.j  and  Sri>>nfifi>-  P'n:^.^.  April  20,  1918, 
■p.  548.'     (H.   R.   A.I 


MIXING. 

Earth  Moveme.st.'^.-  "  The  movement  of  the 
grounti  which  resulted  in  the  fatal  accident  in  the 
(Jreat    Boulder   mine   may    have    been   due — 

(«)    To  regional  earth  movement  due  to  geological 
causes,    quite    independent    of    mining    opera- 
tions ; 
(b)    To   the  effect   of  mining   operations  entirely  : 

or 
(r)    To  inter-action   of   the   two  foregoing   causes. 
('/)    I'osiiibh     liegitiHid    EarlliMoviiui  nt— 

There  is  a  good  deal  of  reason  to  think  that  the 
principal  and  fundamental  cau.se  of  the  movement 
in  this  ca.se  was  regional  rather  than  purely  local, 
that  is,  arising  from  geological  fortes  affecting  tiie 
whole  district  or  region  rather  than  from  purely 
local  mining  operations.  There  was  a  very  percep 
tible  earth  tremor  felt  all  over  the  Kalgoorlie 
district  at  the  time  of  the  jucident,  accompanied 
by  a  loud  ncjise  much  like  distant  thunder,  rattling 
of  windows,  and  shaking  of  l(j(jse  objects,  the 
[ilienomena  ])eing  tho.se  (|uite  characteri.stic  of  earth- 
<|uake  shocks.  So  far  as  evidence  could  be  obtained, 
the  shock  appears  to  have  been  even  more  distinct 
towards  the  north  end  of  the  Boulder  hill  than 
towards  the  .south  where  the  Oreat  Boulder  mine 
is.  It  was  strongly  felt  by  the  Warden  and  the 
Senior  Inspector  of  Mines  at  their  residences  at  the 
north  end,  and  the  noise  and  shock  led  many  people 
to  suppose  that  there  had  been  an  explosion  of  a 
magazine  somewhere  in  the  mines.  It  was  felt  at 
least  four  miles  north  and  two  miles  .-south  of  the 
Clreat  Boulder  mine,  and  some  considerable  distance 
east  and  west  as  well.  Unfortunately  no  one 
appears  to  have  noticed  the  directi(jn  in  which  the 
shock  a])peared  to  proceed,  the  general  impression 
appearing  to  be  that  the  movement  was  mostly 
directly  up  and  down.  Men  in  the  3,000  ft.  level 
of  the  Golden  Hor.se  Shoe  mine  felt  a  heavy  shock, 
and  in  the  Ivanhoe  shaft  at  3,620  ft.  the  men  felt 
it  as  if  a  heavy  shot  had  been  fired  in  the  rfick 
below  their  feet.  This  is  noteworthy  as  the  pillar 
of  rock  which  was  crushed  in  the  adjoining  Great 
Boulder  mine  was  at  the  2,050  ft.  level,  or  about 
1.570  ft.  abtivi  where  the  men  stood  in  the  Ivanhoe 
shaft.  If  the  crushing  of  the  pillar  had  been  the 
cause  of  the  shock,  one  would  expect  the  latter  to 
appear   to   come   from   overhead. 

I  have  been  informed  that  a  distinct  earth 
I  tremor  was  noticed  at  Ora  Banda,  almost  at  the 
time  of  the  Boulder  shock,  and  Mr.  Lavater,  of 
Bewick,  Moreing  and  Co.,  has  reported  that  on 
the  same  evening,  about  one  hour  later  than  the 
Boulder  shock,  a  shock  and  a  heavy  noise  as  if 
an  explosion  were  noticed  in  the  Great  Fingall 
mine  at  Day  Dawn.  There  was  no  fall  of  ground 
visible  in  the  Great  Fingall  to  account  for  the 
shock  and  noise. 

There   have   been   several   instances  now   recorded 

on     the     Boulder     belt    of     heavy     booming    noises 

underground    accompanying    more    or    less    sensible 

I    earth-shocks    and    tremors,    the    records    extending 

;   over    a    period    of    about    10    years.     Some    of    the 

I    shocks   have    been    rather   alarming,    leading   to   the 

I    belief    that    heavy    explosions    must    have    occurred. 

1   but  until  the  case  under  review  there  was  no  visible 

[   movement    of    ground    anywhere    in    the    mines    to 

account  for  a  heavy  shock.     In  the  case  of  one  in 

the  Lake  View  mine  on  May  30,   1917,  an  accident 

to    M.    Smith,    has    been    attributed    to    an    outburst 

of    rock,    which    may    have    been    due   to    an    earth- 

I  tremor    felt    along    the    eastern    line    of    lodes    at 
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Boulder  at  the  time,  but  it  is  not  at  all  conclusively 
proved  that  this  was  the  case.  The  fall  of  ground 
in  that  instance  was  quite  a  small  one.  and  might 
easily  have  happened  without  any  earthtrenmr  U> 
cause  it. 

In  the  (xreat  Fingall  mine  at  Day  Dawn  there 
have  been  several  occurrences  of  booming  noises 
and  shaking  of  the  ground,  which  very  generally 
have  been  ascribed  to  heavy  falls  of  ground  in 
the  old  shrinkage  stopes.  but  so  far  as  I  can  learn 
there  has  been  no  proof  of  any  connection  with 
such  falls.  The  shocks  appear  to  have  been  more 
distinct  in  the  bottom  of  the  mine,  far  below  the 
old  shrinkaee  stopes,  than  in  the  levels  near  these. 
It  is  not  easy  to  understand  why  the  shocks  would 
be  more  apparent  'n  narrow  workings  deep  down  in 
the  solid  ground  far  below  any  possible  fall  of 
ground  in  the  old  stopes  than  in  the  immediate 
neighbourhood  of  the  latter.  If.  however,  the 
shocks  were  due  to  true  earth  tremors,  they  would 
probably  be  felt  more  strongly  in  the  solid  ground 
than  in  the  upper  levels  where  a  certain  amount  of 
loosening  up  of  the  country  might  be  expected  as 
a  result  of  the  reef  having  been  stoped  out.  One 
of  the  heavier  shocks  at  the  Great  Fingall  mine 
synchronised  very  closely  with  an  earth  tremor 
which  made  a  slight  record  upon  the  seisometer 
at  the  Perth  Observatory.  The  shock  at  Boulder 
on  August  28,  1917,  was  not  recorded  on  the  Perth 
seisometer. 

During  the  last  ten  years  (jr  so  there  have  been 
a  good  many  earth  tremors  recorded  in  Western 
Australia,  from  Marble  Bar  down  to  the  south 
coast.  Subterranean  noises,  similar  to  those  heard 
at  Boulder,  have  been  noted  very  distinctly  at 
Meckering  and  York  where  there  are  no  mining 
excavations.  Something  of  the  same  sort  has  also 
been    reported    from    Burbanks,    near    Coolgardie. 

There  is  a  good  deal  of  reason  to  believe  that 
there  have  been  very  considerable  continental 
movements  of  subsidence  and  elevation  of  the 
whole  of  Western  Australia  within  comparatively 
recent  geological  times,  and  it  is  not  at  all  unlikely 
that  slow  movements  of  more  or  less  of  the  area, 
with  readjustments  and  transmissions  of  earth- 
pressures  and  stresses,  are  still  in  progress.  Such 
would  account  readily  for  the  phenomena  of  earth 
tremors  and  earth  noises  which  have  been 
expcrijnced. 

(6)  Miniiiij    (hit' rut  ion.". 

It  is  perhaps  natural,  however,  that  people  who 
have  given  no  attention  to  the  earth  tremors  and 
mf>vements  due  to  geological  causes  should  be  apt 
to  underrate  their  importance,  and  look  for  an 
explanation  of  such  occurrences  as  caused  the 
accident  on  August  28  to  forces  with  which  they 
are  more  familiar,  and  therefore  are  prone  to 
ascribe  them  simply  and  .solely  to  mining  operations. 
They  point  out  that  '  the  Golden  Mile  is  honey- 
Cf)ml>ed  in  all  directions,  and  •. ast  fjuantities  of 
ground  have  been  taken  out,'  and  argue,  quite 
suddenly  therefrom,  that  there  mu.st  be  a  good 
deal  of  movement  of  the  country  as  it  gradually 
closes  in  to  fill  up  the  excavated  spates. 

The  Great  Boulder  mine  is  very  well-filled  with 
residues  from  the  mill,  and  the  filling  is  kept  as 
a  rule  well  up  tr;  the  faces  where  the  men  are 
breaking  out  stone  from  the  solid  parts  of  the  reef. 
The.'-e  solid  porti<iiis,  it  should  be  remembered, 
al.so  serve  as  pillars  to  support  the  walls.  There 
is  a  good  deal  of  difference  of  opinion  among 
mining   men   about   the   relative  efficiency  of   pillars 


and  filling  as  supports  to  the  workings  and  the 
question  is  to  a  great  extent  one  of  degree.  If 
large  and  numerous  pillars  of  untouciied  reef  are 
left  to  support  the  walls  it  is  obvious  that  a  con- 
siderable proportion  of  the  reef  material  may  be 
chambered  out  with  great  safety,  so  long  as  the 
pillars  left  in  are  amply  strong  enough  to  carry 
all  the  pressure  thrown  upon  them  without  burst- 
ing. But  if  the  (.hambers  are  increased  and  the 
pillars  more  and  more  whittled  away,  it  is  equally 
obvious  that  a  point  will  eventually  be  reached  at 
which  the  weight  of  the  wall  rock  will  become  too 
great  for  the  pillars  to  withstand,  and  they  will 
become  cracked  and  crushed,  and  at  last  may  give 
way  altogether,  perhaps  causing  a  serious  collapse. 
The  bursting  of  pillars  by  crushing  may  frequentlv 
be  more  sudden  and  violent  than  tlie  slow  crushing 

;    in  of  the  wall-rock  due  to  the  gradual  compression 

i    of  filling. 

I        The   usual  method   of    working  out   the   ore   from 

I  a  mine  like  the  Great  Boulder  is  really  a  com- 
bination of  pillar  working  and  filling.  Suppose  a 
new  level  to  be  opened  100  ft.  below  an  older  one  ; 
the  first  thing  to  be  done  is  to  open  winzes  between 
the  levels,  thus  cutting  up  the  block  of  reef 
between  them  into  a  number  of  large  pillars 
separated  by  very  narrow  passages  Then  as 
stoping  proceeds  these  pillars  are  gradually  cut 
away  from  the  bottom  upwards,  and  as  the  ore  is 
removed  filling  is  run  in  to  refill  the  space  from 
which  ore  has  been  excavated.  Finally,  the  whole 
of  the  pillar  of  solid  stone  is  removed  and  substi- 
tuted by  filling.  As  the  pillars  become  greatly 
reduced  in  size  as  the  stopes  are  extended  up  to 
near  the  level  above  them,  they  very  generally 
become  crushed  by  the  wall-pressure.  In  the  Great 
Boulder  mine  advantage  is  taken  of  this  crushing, 
as  it  enables  the  stone  in  the  uppermost  stopes  of  a 
block  of  ground  to  be  won  cheaply  in  comparison 
with  that  which  has  to  be  blasted  from  the 
uncrushed  portions  It  is  worth  noting  in  this 
connection  that  while  one  of  flie  theories  of  the 
accident  under  discussion  is  that  it  was  due  to  the 
sudden  crushing  of  a  big  pillar  under  seyere 
pressure,  with  consequent  noise  and  shock,  there 
have  been  dozens  of  pillars  in  the  same  mine,  con- 
stituting the  upper  portions  of  stoping  blocks, 
which  have  crushed  quietly  and  without  noticeable 
shock.  This  would  seem  to  imply  some  quite 
considerable  difference  in  the  mode  of  action  of  the 
forces  causing  the  rupture  of  the  pillars  in  the 
particular  case  under  review. 

For  the  preservation  of  shafts  and  main  passage 
ways  through  mines  it  is  usual  and  good  mining 
practice  to  leave  large  pillars  of  solid  ground  in 
their  vicinity,  but  elsewhere  in  the  workings, 
where  more  or  less  movement  of  the  country  can 
do  little  harm,  it  is  usually  considered  quite 
sufficient  to  fill  the  excavations  with  waste  rock, 
sand,  or  other  available  filling  material.  In  many 
mines  the  amount  of  unpayable  lode  material  left 
untouched  in  the  stopes  serves  very  thoroughly  for 
pillars. 

It  is  contended,  however,  with  a  great  deal  of 
reason,  that  the  leaving  of  pillars  in  mines,  unless 
they  be  very  large  and  plentiful,  may  often 
introduce  a  new  source  of  danger,  as  the  whole 
of  the  pressure  acting  to  drive  the  walls  of  the 
excavations  against  one  another  tends  to  become 
concentrated  in  the  pillars,  just  as  the  whole  weight 
of  a  big  bridge  is  concentrated  on  the  piers  and 
abutments   supporting   it.     It   is   conceivable,    there- 
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fore,  that  the  pressure  may  l>ecome  so  central  on 
some  ])artiriihir  pillar  that  it  beciMiii's  iriishcd. 
The  experience  of  the  crushiiij^  of  pillars  in  coal- 
mines, however,  in  which  this  subject  lias  been 
followed  up  far  more  fully  than  in  metalliferous 
ones,  is  usually  that  the  pillars  crusli  nu»re  or  less 
gradually  'md  not  with  very  siulden  disi'uption. 
The  recent  collapse  of  portion  of  the  Collie 
Cooperative  Colliery  was,  however,  a  striking 
instance  of   a  sudden  yielding  over  a  large  area. 

The  pressure  of  tlie  rock  at  any  given  point  in 
a  mine  is  not  at  all  e.asy  to  determine,  although 
the  calculation  of  uvcrtK/v  pressure  is  quite  simple. 
Taking  the  question  broadly,  the  pressure  on  a 
horizontal  surface  of  one  sipiare  inch  at  a  depth 
of,  say,  1,000  ft.  is  the  weight  of  a  idlmnn  of 
rock  of  one  inch  s(]uare  in  cross-section  and  1,000 
ft.  in  height.  Taking  the  specific  gravity  of  the 
Belt  counti-y  at  28,  the  pressure  would  be  1,213  lb. 
per  square  "inch  at  1,000  ft.  depth,  or  r213  lb.  per 
square  inch  per  foot  of  depth,  whatever  this  might 
be. 

Molesworth  gives  the  crushing  strain  per  square 
inch  of  Scotch  basalt  as  8.300  lb.  of  granite  as 
10,900  lb.,  and  slate  as  10,000  to  21,000  lb.,  so  we 
may  reasonably  expect  that  strong  rocks  like  those 
of  the  Boulder  Belt  country  would  not  approach 
their  crushing  limit  of  strength  until  a  depth  of 
7,000  ft.  or  more  is  attained.  But  while  the  average 
pressure  may  be  as  above  shown,  it  by  no  means 
follows  that  such  pressure  may  be  found  at  any 
particular  point.  We  are  dealing  with  t-trong,  solid 
rock,  w-ell  below  its  limit  of  crushing  strain,  not 
with  fluid  pressures.  It  is  a  matter  of  common 
mining  experience  that  the  rock  pressures  on  mine 
timbers  are  often  very  different  at  different  points, 
without  any  very  obvious  assignable  reason.  From 
considerations  of  this  sort  it  may  be  seen  that  the 
pressure  on  any  pillar  of  rock  left  for  support  in 
a  mine  is  not  any  closely  calculable  amount,  but 
may  be  considerably  above  or  below  the  average 
due  to  its  depth  beneath  the  surface.  Apparently 
strong  pillars,  therefore,  may  be  found  to  become 
crushed  unexpectedly,  while  some  which  look  weak 
may  remain  unbroken. 

The  direction  and  dip  of  joints  and  faults  in 
the  rock  may  have  a  great  deal  to  do  with  the 
amount  of  pressure  which  comes  upon  any  portion 
of  an  excavation  underground,  as  it  is  along  these 
partings  in  the  solid  rock  that  motion  of  blocks 
of  ground  may  take  place.  It  is  probably  for  this 
reason  that  the  eastern  wall  of  the  Great  Boulder 
lode  is  notably  more  liable  to  falls  of  ground  than 
the  western  one,  as  not  only  does  the  lamination 
of  the  schistose  country  dip  steeply  westward,  but 
also  there  are  a  number  of  faults  with  a  westerly 
dip,  all  favouring  movement  of  the  country  west- 
ward under  gravitational  stress.  The  tendency  to 
•westerly  movement  also  may  very  probably  be 
greatly  facilitated  by  the  presence  of  the  big  dike 
■of  felsite  or  porphyry  which  lies  on  the  east  side 
of   the  Great   Boulder   mine. 

The  pressure  of  loose  ground  in  a  mine  is  far 
more  formidable  than  that  of  solid  rock ;  indeed 
the  latter  may  be  said  to  exercise  no  pressure  on 
an  excavation  while  it  remains  really  solid,  but 
only  begins  to  do  so  when  it  becomes  so  loosened 
that  portions  of  it  are  enabled  to  move  under  the 
influence  of  gravity.  The  more  it  is  deprived  of 
the  support  of  surrounding  country  and  the  more 
it  becomes  free  to  subside,  the  greater  the  pressure 
it  will  exercise. 


In  the  lower  levels  where  the  greater  part  of  the 
lode-material  has  not  yet  been  removed  by  sloping 
the  mine  on  the  wlu'ile  is  .still  very  solid,  there 
being  a  great  deal  more  of  the  ground  still  left  in 
its  original  state  than  there  is  of  excavated  ground. 
The  pillars  then  greatly  e.vceed  the  'rooms'  or 
'  stalls,'  as  the  stopcs  would  be  called  in  a  coal 
mine,  in  area,  ami  little  or  nr»  collaf)se  of  the  walls 
of  the  excavations  is  jiossible.  It  is  only  wln-n 
the  slopes  are  well  towards  completion  and  the 
area  of  the  '  rooms  '  e.vceeds  that  of  the  supporting 
I)illars  that  the  walls  begin  to  have  a  chance  to 
close  in,  and  this  chance  is  reduced  to  a  minimum 
if  the  excavated  ground  has  meanwhile  been 
replaced  by  filling  mate-rial.  It  is  in  the  nature  of 
the  case  that  the  principal  work  of  the  mines  is 
always  being  done  mo.stly  in  the  never-opened 
stojiing  blocks,  for  when  a  block  has  been  stoj)ed 
out  and  filled  there  no  longer  is  occasion  for  men 
to  be  in  it.  Any  danger  of  a  great  Cfillapse  of  the 
slopes  must  be  mainly  confined  to  tho.se  which  are 
worked  out  and  abandoned,  and  if  they  have  been 
well  filled  there  is  very  little  likelihood  of  any 
dangerous  collapse  being  possible. 

There  is  a  condition  in  the  Great  Boulder  mine 
and  in  the  adjacent  Ivanhoe  and  Gulden  Hor.s«>- 
Shoe  mines,  immediately  west  (jf  it,  whidi  would 
appear  to  conduce  to  possibility  of  heavy  pressure 
in  all  three  mines.  The  principal  workings  of 
these  mines  are  on  two  parallel  lodes,  only  .some 
200  to  250  ft.  di.stant  from  one  another.  Both  the 
Great  Boulder  lode  and  the  Ivanhoc-Golden  Hor.se- 
Shoe  lode  have  been  sloped  out  nearly  continuously 
for  long  distances  along  their  length  and  down  to 
over  2,000  ft.  in  depth,  and  as  the  ore-bodies  were 
nearly  opposite  to  each  other  we  now  have  a  large 
flake  of  country,  some  200  or  more  feet  thick, 
standing  on  its  edge  between  two  large  worked-out 
areas  in  the  lodes.  As  the  lodes  underlay  westerly 
this  large  slab  of  country  must  have  a  tendency 
to  throw  a  considerable  part  of  its  weight  upon  the 
Great  Boulder  workings  on  its  eastern  side,  and  it 
seems  possible  that  if  it  were  once  to  start  to  move 
it  w'ould  soon  exercise  a  very  heavy  pressure.  As 
a  matter  of  experience,  however,  as  already  noted, 
the  principal  pressure  in  the  wall  rock  in  the  Great 
Boulder  mine  has  manifested  itself  from  the 
eastern  side,  not  the  western.  It  would  seem. 
therefore,  that  the  weight  of  the  country  interven- 
ing between  the  two  lodes  must  be  sufficiently 
carried  by  its  footing,  aided  by  the  support  given 
to  its  sides  by  the  filling  and  pillars  in  the  two 
mines. 

To  speak  of  the  Boulder  Belt  as  '  honey- 
combed' with  workings  is  to  use  rather  exaggerated 
language,  for  the  w-ord  implies  excavations  greatly 
exceeding  in  volume  the  interstitial  solid  ground. 
Notwithstanding  the  millions  of  tons  of  ore  which 
have  been  extracted  any  true  model  of  the  mines 
would  show  that  the  mining  excavations  are  a  very 
small  proportion  of  the  rock  in  which  they  have 
been  made,  and  that  it  is  only  in  a  few  places 
where  the  excavations  have  been  large  and 
continuous  that  there  is  any  possibility  of  any 
serious  collapse.  A  collapse  of  the  mines  as  a 
whole  is  a  contingency  quite  outside  the  bounds  of 
reasonable  possibility.  Any  coUap.ses,  if  such 
should  occur,  could  only  be  local  and  not  general 
throughout  the  belt.  With  the  thorough  system 
of  filling  which  prevails  on  the  field  even  local 
collapses  of  any  magnitude  seem  to  be  a  very 
remote  possibility. 
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'1  KnrthiiHahe  Shock  in  ('innbinntion  with 
Mininij  Op'r(itioii<. 
It  is  not  at  all  unlikely  that  the  breaking  of 
the  pilhr  of  rock  which  caused  the  accident  under 
cunsideratiun  was  due  neither  wholly  to  the  earth 
luoxements  referred  to  under  (a)  above  nor  yet 
entirely  to  mining  operations  as  in  {b),  but  may 
have  been  due  to  inter-action  of  both  causes.  It 
has  been  seen  that  the  earth  tremor  and  shock  were 
felt  over  a  considerable  distance,  and  it  is  still  a 
very  open  question  whether  the  shock  was  caused 
by  the  breakage  of  the  pillar,  or  whether  the  latter 
was  not  merely  a  result  of  the  shock.  According 
to  the  explanation  in  {h)  above  we  should  have  to 
regard  tlie  breakage  of  the  pillar  as  due  to  some 
concentration  upon  it  of  gravitational  stresses  result- 
ing from  the  mining  work,  while,  in  the  alternative 
one,  the  movement  of  the  rock  and  consequent 
shock  would  probably  have  happened  even  if  the 
mines  had  never  been  opened.  It  is  quite  possible, 
however,  that  both  causes  operated  conjointly  in 
another  way,  through  the  mining  operations  weaken- 
ing the  power  of  resistance  of  the  ground  to  a 
compressive  stress  tending  to  form  an  anticlinal 
fold  more  or  less  along  the  line  of  the  Boulder 
gioup  of  lodes.  If  we  had  an  area  of  rock  under 
strong  compression  from  both  sides  so  as  to  tend 
to  push  up  the  centre  into  a  ridge — whether  by 
folding  or  by  faulting — it  would  undoubtedly  assist 
an  upthrust  of  one  side  of  the  ridge  if  there  w^ere 
numerous  deep  cuts  into  the  crown  of  it  from 
mining  operations.  These  deep  cuts  would  greatl' 
weaken  the  resistance  of  the  arch  which  would  tend 
to  form,  and  would  facilitate  a  faulting  movement, 
probably  of  the  nature  of  an  upthrust  fault  rather 
than  one  due  to  mere  gravitational  subsidence. 

There  is  some  evidence  of  the  existence  of  a 
compressive  stress  operating  on  the  Great  Boulder 
lode  From  about  the  1,200  ft.  level  downwards  it 
has  been  very  noticeable  that  when  the  lode  is  first 
cut  at  each  successively  lower  level  it  appears  to 
be  under  strong  compression,  for  little  flakes  keep 
bursting  off  from  it  with  a  sharp  cracking  noise, 
just  as  flakes  often  fly  from  the  free  side  of  a 
block  of  glass  compressed  in  a  vice.  Pieces  of  rock 
also  often  fly  out  from  the  face  somewhat  sharply 
when  it  is  struck  with  a  pick.  As  the  workings 
become  extended  this  state  of  strain  in  the  lode 
material  gradually  disappears,  no  doubt  owing  i 
the  relief  of  pressure  afforded  by  the  workings,  but 
it  is  just  as  noticeable  as  ever  at  each  new  level. 
This  feature  is  absent  or  very  little  noticeable  in 
most  of  the  other  lodes  of  the  Boulder  Belt,  being 
apparently  characteristic  of  the  Great  Boulder  lode 
more  particularly.  A  similar  ctjndition  is  said  to 
exist  in  the  lower  levels  of  the  Great  Fingall  mine 
when  they  are  first  opened.  This  state  of  com- 
pression of  the  Great  Boulder  lode  would  seem 
to  indicate  that  for  some  reason  or  other  it  is 
under  a  rock  pressure  not  noticeable  in  other 
equally  deep  workings  on  other  lodes  of  the  district, 
and  therefore  probably  due  to  some  other  cause 
than  simple  gravitational  pressure  due  to  depth 
below  surface.  The  Great  Boulder  lode  is  on  an 
old  line  of  fracture  in  the  earth's  crust,  and  it 
seems  not  at  all  unlikely  that  there  may  be  a 
tendency  for  the  country  to  be  faulted  along  it 
again,  relieving  compression  by  an  overthrust 
movement  of  the  hanging  wall  side  of  the  lode. 
Such  a  movement  entering  upon  a  resisting  pillar 
of  ground  might  easily  cause  it  to  snap  suddenly 
with  a  great  shock.     The  movement  of  the  country 


as  a  whole  might  nevertheless  be  almost  if  not 
quite  imperceptible,  and  need  not  necessarily  show 
itself  uniformly   tliroughout   the  mine. 

If  this  should  prove  to  be  the  correct  explanation- 
of  the  occurrence,  the  shock  would  be  due  to  the- 
relief  upwards  of  a  state  of  compression  existing 
deep  in  tiie  country,  and  would  probably  be 
facilitated  by  the  weakening  of  the  ground  caused 
by  mining.  It  seems  to  me  that  this  view  of  the 
cause  of  the  shock  has  more  to  commend  it  as  feasible 
than  that  which  would  refer  it  to  the  mere  wei«' 
of  ground  due  to  disturbance  by  mining  operations. 

No  matter  which  of  the  above  three  explanations 
{a),  (b)  or  (c)  be  considered  to  be  the  most  correct, 
the  practical  outcome  is  the  same ;  we  can  do 
nothing  better  for  safety  and  to  prevent  rock  move- 
ment and  danger  therefrom  than  by  filling  the 
excavated  stopes  as  thoroughly  as  possible.  If  an 
earthquake  shock  should  then  occur,  bringing  into 
play  enormous  forces  of  unknown  and  unfore- 
seeable magnitude  which  we  cannot  lay  plans 
to  provide  against,  we  know  that  the  utmost 
possible  has  been  done,  and  that  the  filling  will 
probably  prevent  the  walls  from  coming  together 
completely,  giving  the  best  chance  of  protection 
to  men  underground  of  anything  which  can  be 
done.  So,  too,  if  the  ground  tends  to  collapse 
merely  from  its  own  weight,  nothing  we  can  do  is 
safer  than  to  have  it  supported  to  the  utmost  avail- 
able by  good  filling.  The  filling  is  better  than 
pillars  of  rock,  for  it  constitutes  a  more  or  less 
compressible  pillar  almost  continuously  throutrlv" 
the  worked  out  areas  in  the  lode,  while  if  pillars 
should  burst  through  pressure  the  empty  spaces 
between  them  are  very  liable  to  be  completely  filled 
by  collapse  of  the  walls."  —  State  Mining 
Engineer,  W.  Australia. — Journnl  of  Chnmber  of 
Mine-^  of  IF.  Australin,  Mav  31,  1918,  p.  119. 
(H.   A.  W.) 


MISCELLANEOUS. 

Fertilizers  in  South  Africa. — "  The  growing 
dearth  of  fertilizers  is  causing  much  anxiety,  and 
the  Scientific  and  Technical  Committee  is  making 
strenuous  efforts  to  replace  those  previously  im- 
ported by  locally  manufactured  substitutes.  At  the 
present  time  importation  has  practically  ceased, 
and  there  is  no  available  supply  to  make  good  the 
deficiency.  Phosphates  are  needed  for  maize  and 
nearly  all  other  crops,  whilst  nitrogen  is  essential 
for  wheat  and  sugar.  Attempts  are  being  made 
to  utili.se  the  large  deposits  of  iron-alumina  phos- 
phates known  to  exist  in  South  Africa,  and  the 
technical  aspect  of  this  known  problem  is  attracting 
much  attention.  About  200  tons  per  month  of 
ammonium  sulphate  is  being  produced  as  a  by- 
product by  the  Natal  Ammonium  Company,  but  it 
is  practically  all  exported  to  Mauritius  for  the 
sugar  plantations;  very  little  is  used  in  the  Union, 
although  export  is  only  allowed  after  local  demands 
have  been  satisfied.  There  is  great  need  for 
educational  propaganda.  The  principles  of  crop 
rotation,  green-manuring,  and  fallowing  are  but 
little  understood,  soil  analyses  are  but  very  seldom 
made,  and  in  manv  instances  acid  fertilizers  like 
superphosphates  have  been  applied  to  acid  soils." — 
S.  Afr.  J.  Ind..  Jan..  1918.— .7m/ r.  Sor.  Chom. 
Ind.,   March   30,   1918.   p.   113r.      (A.   W.) 


Methods  of  Gas  Warfare. — "An  interesting- 
description,  by  a  member  of  the  British  Military 
Mission,    of    the    development    of    the    German   gas 
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offensive  from  the  first  gas  tloud  of  CI  to  tliw  use 
(if  COCl..  vaiious  tear-  and  siiee/e-producing  ^Mses, 
poison  pasi's  and  the  hitest  aciomplishmeiits  with 
pas  sliells  :  also  of  the  masks,  respirators,  etc., 
developed  as  a  protection  against  the  various  ^ases. 
The  foUowins:  lists  the  compounds  used  hy  the 
Germans  :  Clouds  :  CI,  C0C1„  ;  hand  grenades  : 
bromo-  and  chlorn-acetnne,  Br,  chlorosulphonic 
acid,  dimethyl  sulphate,  metliyUhloroj^ulpiionate, 
SO,  :  shells  :  "  allyl  isothiocyanate  (allyl  mustard 
oil),  benzyl  bromide,  brominated  methyl  ethyl 
ketone  (bromo  ketone),  dibromoketone,  mono-  and 
tri-chloroniethyl  chlorof(»rmate  (palite  and  super- 
)>alite,  resp.),  uitrochloromethane  (chloropicrin  or 
nitrochloroform),  dichiorodiethyl  sulphide  (mustard 
gas),  diphenykhloroarsine  (sneezing  gas),  diohloro- 
methyl  ether,  phenykarbylamine  chloride,  COCl,, 
SO,  xylyl  bromide  (toyl  bromide).  For  protection 
against  CI  cotton  pads  soaked  in  solution  of 
Na  f'Oj  and  Na,S^O^,  were  used;  when  the 
Germans  started  to  use  COCl^  a  helmet  saturated 
with  PhONa  was  developed,  but  the  substance  now 
used  extensively  by  all  is  (('H,,),N,,  which,  u.sed  in 
conjunction  with  I'hONa.  will  protect  against 
COCl.  at  a  concentration  of  1  :1000  for  a  consider- 
able period.  The  box  type  of  respirator  was 
developed  as  the  use  of  gas  shells  became  extensive, 
and  employs  active  absorbent  charcoal  and  alkaline 
permanganate,  which  will  protect  against  nearly 
everything  used,  even  up  to  concentrations  of  10% 
for  short  .periods.  The  German  apparatus  has  the 
chemical  in  three  layers  :  an  inside  layer  of 
pumice  with  (CHJ.N,,  a  middle  layer  of  charcoal 
(sometimes  blood  charcoal)  and  an  outside  layer  of 
baked  earth  soaked  in  K„CO,  solution  and  coated 
with  fine  powdered  charcoal.  It  is  not  equal  in 
efficiency  to  the  American  or  British  respirator, 
breaking  down  at  a  concentration  of  0'3°o  of  certain 
substances." — S.  J.  M.  Auld,  J.  Wa.<h.  Acnd.  Sci.. 
S,  45-58  (1918)  :  /.  Ind.  Enq.  Chnn.,  10,  297-301 
(1918).— r^ewuca/  Abstracts,  Mav  20,  1918,  p.  1017. 
..T.  G.) 


.Metric  System. — "  I  am  in  receipt  of  an  official 
copy  of  the  final  report  of  the  (British)  Committee 
on  Commercial  and  Industrial  Policy  After  the 
War.  From  this  voluminous  report,  I  give  below 
a  few  extracts  from  Chapter  X.,  on  weights  and 
measures  : 

'  Having  given  full  consideration  to  the  subject, 
we  are  unable  to  recommend  the  compulsory  adop- 
tion of  the  metric  system  in  this  country.  In  our 
opinion,  it  is  absolutely  certain  that  the  anticipated 
uniformity  could  not  be  obtained  for  a  long  period, 
if  ever.  There  is,  further,  the  serious  objection 
that  if  we  induced  certain  countries  to  change  over 
to  the  metric  system  we  should  be  surrendering  to 
Germanv  the  advantages  which  our  manufacturers 
now  enjoy  over  hers,  both  in  their  markets  and  our 
own.  We  are  informed  that  even  in  France,  which 
has  made  the  metric  system  nominally  compulsory 
for  more  than  half  a  century,  the  'pouce'  (or  inch) 
is  used  in  textile  manufacture  and  numenous  local 
measures  still  survive. 

In  referring  to  these  considerations,  we  have  to 
point  out  that  there  is  no  unanimity  even  as  to  the 
theoretical  merits  of  the  metric  system  as  compared 
with  our  own.  The  practical  argument  that  its 
adoption  is  desirable  in  order  to  secure  uniformity 
in  the  markets  of  the  world  has  been  shown  to  be 
unfounded.  We  are  not  satisfied  by  any  evidence 
which   has   been   brought    before   us   that   trade   has 


actually  been  lost  to  thi.s  coiii,ii>  ,hmi,^  ■,.,  i/,.-  fact 
th.it  the  u.se  of  the  metric  system  is  not  c(im[)uisi(ry. 
But  to  attempt  to  make  the  use  of  the  system 
universal  and  obligatory  in  thi«  country  would 
cau.se  great  loss  and  confusion  at  a  particularly 
inof  portune  moment  for  the  sake  of  distant  and 
doubtful  advantages.  We  are  convinced  that,  so 
far  from  assisting  in  the  re-establishment  of  British 
trade  after  the  war,  such  a  measure  \v(juld  seriously 
hanii»ei-   it. 

As  reg.irds  the  educational  advaritiiges  claimed 
for  the  ciiange,  we  have  been  referred  to  a  state- 
ment quoted  by  the  Select  Committee  of  1895  that 
no  less  than  one  year's  school  time  would  be  saved 
if  the  metric  .system  were  taught  in  the  j)lace  of 
thai  now  in  u.se.  The  inffjrination  wliich  we  have 
received  does  not  support  that  statement,  and,  even 
if  it  were  well  founded,  it  must  l>e  reniend>i'red  that 
for  at  least  a  generation  children  would  have  to 
learn  both  the  new  and  the  old  measures  and  how 
to  convert   from  one  to  the  other. 

It  is  often  popularly  suppo.sed  that  the  introduc- 
tion of  the  metric  system  would  render  possible  the 
immediate  sweeping  away  of  many  complicated  and 
varying  weights  and  measures.  As  we  have 
already  indicated,  this  belief  is,  in  our  opinion, 
wholly  fallacious.  We  are  not  convinced  that  the 
metric  system  is.  upon  the  whole,  even  theoretically 
superior  to  the  British  system,  and  we  are  satisfied 
that  the  practical  objections  to  the  proposed  chance 
are  such  as  decisively  to  outweigh  any  advantages 
which  are  claimed   for  it.' 

It  is  to  be  noted,  moreover,  that  while  in  an 
appendix  to  the  report  several  members  of  the 
committee,  which  consists  of  19  members,  file 
reservations  regarding  certain  items,  there  is  no 
reservation  regarding  the  chapter  on  weights  and 
measures.  In  other  words,  the  report,  so  far  as  this 
chapter  is  concerned,  is  unanimous." — F.  A. 
Halsey. — Engiiieeriiiif  and  Mlitlmj  Joiir/iol.  .June  1, 
1918,  p.  1013.     (H.  A.  \\.) 


Abstracts  of  Patent  Applications. 


792.17.     Nitrogen     Products    Company.     Improved 
process     for      farming      cvanogen      compounds. 
11.12.17. 
This  application   is   for  a  process  and   apparatus 

patent   for   producing   cyanide   compounds. 


24.18.  Leo.  Lee  Mushett.  Improvements  in  com- 
bined   tube-mills    and    ball-mills.     17.1.18. 

Tnis  application  relates  to  an  improvement  to 
tube-mills  by  dividing  trans\ersely  any  standard 
tube-mill  into  two  compartments ;  using  one  com- 
partment as  a  ball-mill  and  the  other  as  a  pebble- 
mill. 

An  essential  feature  is  a  spiral  feed  lifting  device 
situated  in  a  partition  between  the  two  compart- 
ments for  the  purpose  of  accelerating  the  passage 
of  the  pulp. 

In  the  construction  as  shown  in  the  drawings 
accompanying  the  specification,  the  ball  chamber 
receives  the  coarse  ore,  which  is  then  ])assed  into 
the  pebble-chamber  by  the  spiral  device  referred 
to   above. 

(.  l.iim  4  is  for  a  tube-mill  const!  noted  and 
operating  substantially  as  described  and  shown  in 
the    drawings    accompanying    the    specification. 
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104.  IS.  \V.  E.  Nettle  (1),  Paul  Selby  (2),  Jas. 
Blythe  (3),  J.  H.  Holnian  (4).  Improvements 
applicable  to  reciprocating  rock-drills,  for 
supplying  water  to  the  bore  holes  during 
drilliJxg.     15.2.18. 

This  application  refers  to  a  reciprocating  rock- 
drill  having  a  passage  formed  through  the  recipro- 
cating parts,  a  fluid-holding  vessel  or  container 
attached  to  the  rear  end  of  the  drill,  and  a  tube 
which  is  attached  to  the  reciprocating  parts,  and 
is  in  communication  with  the  said  vessel  or  con- 
tainer and  with  the  passage  through  the  reciprocat- 
ing parts,   substantially  as  described. 

Other  claims  refer  to  means  for  carrying  out  the 
idea  embodied  in  the  main  claim. 

The  distinctive  feature  of  this  application  is  that 
the  tube  carrying  the  water  through  the  whole 
piston  to  the  drill  bit  is  attached  to  the  reciprocat- 
ing part  instead  of  the  usual  practice  of  having 
the  tube  fixed  to  the  stationary  part  of  the  drilling 
machine. 


Other  claims  have  reference  to  the  first  three 
claims  detailing  means  whereby  the  provisions  of 
these   could   be   carried  out. 


111.18.     A.    A.    Lockwood.     Improvements  in  treat- 
ing  ores.     22.2.18. 

This  application  describes  and  claims  a  process 
for  the  extraction  and  precipitation  of  gold  and 
silver  from  a  cyanide  solution  or  pulp  without 
filtration.  It  is  carried  out  by  agitating  the  pulped 
nre  in  a  cyaniding  vessel,  leading  the  pulp  from  the 
vessel  to  one  end  of  a  precipitating  vessel  which 
tontains  a  series  of  longitudinally  arranged 
depending  electrodes,  passing  a  current  through 
the  pulp,  maintaining  the  pulp  in  suspension  in 
the  precipitating  vessel  by  a  jet  of  air,  removing 
the  pulp  from  the  other  end  of  the  vessel,  leading 
it  back  to  the  cyaniding  vessel  and  repeating  the 
cycle  of  operations.  Iron  silicide  anodes  and  lead- 
coated  iron  cathodes  are  employed. 


146.18.  W.  W.  Webster  (1),  E.  Edser  (2),  L.  A. 
Wood  (3).  Improvements  in  or  relating  to  the 
concentration  of  tin  wolfram  ores.  4.3.18. 
This  is  a  specification  concerning  improvements 
in  the  concentration  of  tin  and  wolfram  ores.  The 
application  relates  to  improvements  in  the  concen- 
tration of  tin  and  wolfram  ores,  and  it  refers 
more  particularly  to  the  concentration  of  such  ores 
wherein  the  metal  is  present  as  an  oxide.  The 
applicants  point  out  that  this  is  usually  done  by 
mechanical  methods  such  as  by  tables,  jigs,  slimers, 
etc.  They  also  state  that  with  these  methods  a 
very  large  amount  of  metal  is  lost,  in  some 
instances  amounting  to  as  much  as  40%  to  50% 
of  the  metal  contents  of  the  ore. 


199.18.     J.    H.    Veasey.     Improvements    in    connec- 
tion     with      rock-drills      for      allaying      dust. 
28.3.18. 
The    claims    for    this    application    refer    to    water 

feed  of  hammer  drills.     The  first  three  claims  are 

as  follows  : — 

(1)  In  the  operation  of  a  rock  drill  in  which 
fluid  is  discharged  into  the  hole  through  a  hollow 
tool,  forcing  water  under  pressure  through  the 
tool  to  the  exclusion  of  air. 

(2)  In  a  rock  drill  in  which  an  axial  tube 
passes  water  into  a  hollow  tool,  preventing  the 
entrance  of  air  from  the  drill  into  the  tool  bore. 

(3)  In  a  rock  drill  in  which  an  axial  tube 
passes  water  into  a  hollow  tool,  a  packing 
between  the  tube  and  the  bore  of  the  tool  and 
means  to  prevent  the  accumulation  of  air  pressure 
in  the  chuck  cavity. 


235.18.  W.  Ross.  Improvements  in  grizzlies  for 
ore  separation.  16.4. IS. 
This  application  relates  to  improvements  in 
revolving  or  travelling  type  of  screen  by  providing 
a  device  which  allows  every  alternate  bar  to  swing 
downward,  and  so  automatically  increases  the 
spacing  of  the  bars  on  the  return  or  underside  of 
the  screen,   and  avoids  choking. 

284.18.  R.  P.  Park.  Improvements  in  and  con- 
nected witli  machines  for  reducing  ore. 
10.5.18. 

This  application  refers  to  improvements  in  and 
connected  with  machines  for  reducing  ore,  the 
primary  object  being  to  provide  means  whereby  a 
maximum  amount  of  ore  may  be  pulverised  to 
any   desired   degree   in   a   minimum   of   time. 

The  invention  mainly  applies  to  a  revolving  ring 
or  table,  which  carries  the  ore  beneath  a  succes- 
sion of  crushing  or  grinding  rollers  which  are 
adapted  to  gradually  reduce  the  ore  to  any  desired 
state  of  sub-division.  This  gradual  reduction  is 
due  to  the  arrangement  of  the  rollers  in  stepped 
relationship  to  the  table. 


304.18.  M.  J.  M.  Mallac.  A  new  motor  fuel 
known  as  "  Callac."  1.6.18. 
The  application  is  for  a  new  motor  fuel  consist- 
ing as  is  claimed  of  the  "chemical"  mixture  of 
(1)  hydrocarbide  (C^^H.^^),  such  as  for  instance, 
oil  of  turpentine  or  any  other  oil  belonging  to  the 
pinus  sylvestris  species.  (2)  Petroleum  ether, 
petrol,  petroleum  spirit  or  motor  spirit  or  ether. 
(3)  Naphthalene.  (4)  Ethyl  alcohol  whether  pure, 
methylated,  denatured,  or  otherwise,  and  no  matter 
from  what  source  derived.  The  alcohol  to  be  of 
not  less   than  90%    of   purity. 


310.18.     A.    F.    Crosse.     Improvements  in  obtaining 
phosphates     from      certain     phosphatic     rocks. 
8.6.18. 
The     process     consists     principally     in     treating 
impure    phosphate    of    alumina    and    phosphate    of 
iron    rock    with    carbonate    of    soda    and    calcining 
asme.     Further  treating  it  with  caustic  lime,  form- 
ing   thus    an    insoluble    phosphate    of    lime,    with 
caustic  soda   in  solution  the  last  being  regenerated 
afterwards   with   carbon   dioxide. 

Changres  of  Address. 

Members  and  Associates  are  requested  to  notify 
the  Secretary  immediately  of  any  change  in 
address,  otherwise  it  is  impossible  to  guarantee 
the  delivery  of  Journals  or  Notices.  The  Secretary 
should  be  notified  at  once  of  non-receipt  of 
Journals   and  Notices. 


Fraser,    A.,    I  Jo    Brakpan;    c/o    Modder   B.    Gold 

Mines,  Ltd.,  P.O.   Modderbee. 
Fry,   a.    T.,   l/o   Broken    Hill ;    c/o  Mt.    Lyell  M. 

and  R.    Co.,   Ltd.,    Queenstown,   Tasmania. 
Leox.\rd,    D.    T.,    l/o    Selukwe;    Sali    Mine,    P.O. 

Shabanie,    S.    Rhodesia. 
Neill,   .J.    M.,   I  jo  Geduld;    Post   Office,    Selukwe, 

Rhodesia. 
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Proceed  in"s 


Ordinary  General  Meeiing-, 
November  16,  1918. 


The  Ordinary  General  ^Meeting  of  the 
Society  was  held  in  the  South  African 
School  of  Mines  and  Technology  Building, 
Johannesburg,  on  Saturday,  the  16th 
November,  1918.  Mr.  H"^,  S.  Meyer 
(President)  in  the  chair.  'i'Jirre  weif  also 
present :  — 

16  Members.— Messrs.  II.  A.  Wliite,  C. 
H.  Greathead,  J.  R.  Thurlow,  F.  Warten- 
weiler.  F.  W.  Watson,  W.  K.  Dowling 
(Members  of  Council),  W.  Beaver,  \V. 
Blelocli,  A.  King,  C.  A.  Meiklejohn,  H.  H. 
Morrell,  P.  T.  :\Iorrisby,  S.  Newton,  J. 
Thorlund,  and  J.   T.  Triggs. 

6  Associates. — Messrs.  .J.  Davidson,  C.  L. 
Dewar,  C.  H.  Olsson,  J.  de  Yilliers,  A. 
Willeox.    and   J.    A.    Woodliurn. 

6  Visitors,  aiid  Fred  Rowland.   Secretary. 


MINUTES. 

The  President:  As  you  are  aware,  we 
were  compelled  to  abandon  the  meeting  that 
was  to  be  held  a  month  ago,  ou  account  of 
the  wish  of  the  Medical  Oflficer  of  Health 
and  the  Autlun-ities,  who  considered  the 
influenza  epidemic  made  it  unsuitable  for 
meetings  of  this  description.  The  meeting 
was  held  over  therefore   until  to-day. 

We  now  have  to  confirm  the  ^Minutes  of 
the   September   meeting. 

The  ^linutes  of  the  Ordinary  Cieneral 
Meeting  held  on  the  21st  September.  1018. 
-as  recorded  in  the  September  Jouni  il .  \\>-re 
confirmed. 

THK     .\RMISTTCK. 

The  President:  Before  we  proceed  with 
the  ordinary  formal  business  of  this  meeting, 
I  am  sure  you  wish  me  to  say  a  iew  words 
to   express  O'.u-   lieartfelt   gratitude    that    we 


can  meet  again  under  conditions  which  ii 
month  ago  could  never  iiave  !)een  foreseen, 
or  for  which  we  could  have  barely  hoped. 
There  is  so  much  said  at  the  moment  and 
so  many  eloquent  speeches  made  to 
celebrate  tliis  occasion  that  I  feel  sure  that 
in  an  impiomptu  fasliion  I  cannot  do  the 
matter  justice.  At  the  same  time,  I  am 
sure  you  would  wish  me,  on  behalf  of  the 
members  of  this  Society,  to  express  our 
mil)ounded  admiration  for  all  those  wiio 
liave  taken  a  2:)rominent  and  leading  part 
in  bringing  matters  to  this  happy  conclusion. 

It  is  invidious  for  me  to  go  into  details 
or  mention  anj'one  in  particular.  I  presume 
you  will  ask  me  to  include  the  army,  the 
navy,  the  medical  service,  the  nurses,  those 
behind  the  lines,  and  every  man  Jack  who 
has  contributed  anything  towards  this 
resvdt.  As  far  as  our  o\ati  Society  is  con- 
cerned, many  of  us  are  too  old,  many  of 
us  are  too  maimed,  many  of  us  so-called 
indispensables, — we  must  derive  wliat  little 
consolation  we  can  from  that  title.  Added 
to  these  are  those  of  our  members  who  have 
been  fortunate  enough  to  be  able  to  take 
part  in  the  war — and  these  together  with 
above  mentioned  who  have  helped  to  keep 
the  industry  going,  form  the  sum  total  <^)f 
the  little  that  we  have  been  able  to  do.  I 
am  not  in  possession  to-day  of  the  names  of 
those  members  of  our  Society  who  have  lost 
their  lives  or  who  have  been  disabled  din-ing 
this  war,  but,  as  it  touches  us  nearest,  I 
should  like  you  to  rise  in  their  honour,  and 
to  think  of  those  we  have  been  unlucky 
enough  to  lose. 

All  present  rose  to  their  feet. 

FXECTION     OF     NEW     MEMKKliS. 

Messrs.  H.  A.  White  and  J.  R.  Thurlow 
were  appointed  scrutineers.  After  their 
scrutiny  of  the  ballot  papers  the  following 
new  members  were  declared  unanimously 
elected  :  — 
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UtARTARK.      ARTHVR      FREDERICK,       P.O.       BoX      497, 

Durban.  Consulting  Chemist  (from  January 
\-t,    1919). 

Bi-VXDFORD,  Thomas,  Central  Mining  and  Invest- 
ment Corporation,  Ltd.,  P.O.  Bo.\  1169,  Johan- 
nesburg.    Mining   Engineer. 

HiNGLE,  Lewis  Denver,  Rand  Mines,  Ltd.,  P.O. 
Box    1169,    Johannesburg.     Mining   Engineer. 

MtXLOR,  Edward  Thomas,  D.Sc.(Lond.),  F.G.S., 
M.LM.M...  (  entral  Mining  and  Investment 
Corporation.  Ltd..  P.O.  Bo.\  1169,  Johannes- 
buri.'.      Consulting   Geologist. 

The    Secretary:     Since   the    last    meeting 
t;.r     (.\juii.-il     ha.-     admitted     tlit-     following 
gentleman  as  an  Associate:  — 
M"YD,    James    Alfred,    257,    Bertha    Street    Keuil- 
worth.   Johannesburg.     Laboratory   A.ssistant. 
Gkner.xl    BrsixKSs. 

TIIK    FrUXACE    .\S    .\X    .\DJUXCT    TO    THK    SMITHY 
ON     A     GOLD     MIXE. 

The  President:  In  this  connection,  a 
i..'j.ort  lia>  been  issued  recently,  giving  a 
creat  deal  cf  data  about  the  local  utilization 
of  scrap  material  and  such  like  by  means  of 
furnaces,  and  this  will  be  abstracted  for  the 
next  Journal.  So  some  more  infcnimtion 
f  !i  this  subject  will  be  fcrthconiing. 

CHRISTMAS   VAC.\TIOX. 

The  Secretary:  The  next  meeting  of  the 
Society  will  be  held  in  February,  the  usual 
vacation  taking  place  in  December  and 
January.  The  Journal  will  be  issued  as 
visual  every  month.  We  have  a  fresh  paper 
for  the  December  Journal  and,  1  believe,  for 
tile.  Januarv-  Jouruil,  both  cf  which  will 
come  up  for  discussion  at  the  meeting  in 
Febi-uarv.     Meantime,    the    Editorial    Ccni- 


]   mittee  will  be  glad  to  have  the  remarks  of 
j   members   on    any    papers    under   discussion 

for   publication    in    the    Jounidl    as   early    as 

possible. 

VISIT    TO    Ni;w    MODDERFOXTEIX. 

The  President:  Mr.  Rowland  has  omitted 
to  mention  that  there  is  a  possibility  of 
oiu'  being  able  to  ariange  a  visit  to  the  New 
Modderfontein  new  plant ;  tlit-  date,  as 
provisionally  arranged,  will  be  about  the 
18th   January,   1010.     The  idea  is  to  make 

!  it  a  joint  visit  with  the  other  technical 
Societies  here,  as  there  are  matters  which 
would  interest  both  the  Electrical  and 
.Meclianical  and,  in  fact,  ever}'  kind  of 
Engineer  who  is  engaged  on  these  fields. 

Therefore,  the  idea  is  to  make  this  a 
joint  visit.  I  might  say,  at  the  same  time, 
that  I  hope  an  invitation  of  this  description 

'  will  meet  with  a  little  bit  better  response 
from  the  members  than  others  we  have 
emibarked  upon. 

j  As  it  is  so  long  .since  we  have  had  an 
opportunity  of  discussing  general  matters,  1 
should  he  glad  to  give  anybody  the  opportunity 
this  evening  to   ventilate   under  the  heading  of 

'    "  General  Business,"'  anything  that  may  be  of 

I   interest    or   value   in   furthering    the   Society's 

'  interests. 


The  President:  Mv.  INLacer  is  suffering 
from  influenza  at  the  moment.  i)ut  the 
Secretary   will  read  his  paper. 


NOTP:s  ox  THE  FOOTWALE  EEDS  OF   THE   FAR   EAST   HAXD  REEF. 


B\    L.   W.   :\Iacer   (Associate). 


It  is  generally  assumed  that  the  strati- 
graphy of  the  Far  East  Eand  is  simplified 
by  the  existence  of  the  "  slate  "  footwall, 
correlatable  with  the  "  black  bar  "  of  the 
Central  Piand,  and  which  is  so  easily  recog- 
nised that  it  constitutes  a  reliable  indicator 
for  the  payable  reef  of  this  area.  The  object 
of  these  notes  is  to  point  out  that  this 
deposit  is  of  a  variable  nature,  both  petro- 
logically  and  in  its  mode  of  occurrence,  and 
is  not  so  readily  distinguished  as  is  gener- 
ally supposed. 

The  footicall  beds. — The  variations  of  the 
black  bar  as  existing  on  the  Central  and 
East  Eand,  namely,  from  a  black  satiny 
slate  to  a  banded  pyritic  quartzite  and  coarsa 
conglomerate,  also  all  exist  in  the  Brakpan 
Mines.  The  change  from  fine  to  coarser 
sedimentation,    in   most   cases,    takes   place 


gradually,  the  shale  becoming  more  quart- 
zitic  and  finally  containing  pebbles.  Occa- 
sionally the  coarseness  of  the  constituents 
increases  ra))idly  and  irregularly,  and  the 
reef  is  found  lying  uj)on  a  conglomerate  with 
very  little  ([uartzitic  matrix.  This  condition 
is  shown  in  P'ig.  1,  which  represents  an 
exposure  along  the  15a  W  Drive  at  Brak- 
pan Mines.  Here  the  footwall  changed  from 
normal  slate  to  quartzite,  in  which  two 
steeply  inclined  beds  of  conglomerate  were 
encountered.  After  passing  the  small 
reversed  fault,  reef  was  exposed  in  ths  roof 
of  the  drive  lying  on  a  few  inches  of  shale. 
This  shale  widened  and  passed  into  the  foot, 
having  the  appearance  of  having  been 
intruded  from  below.  Further  west  the 
footwall  became  mere  shaly  and  finally 
changed  into  the  normal  "footwall  slate." 
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In  this  instance  tlu>  reef  had  a  well  defined 
footwall  parting,  but  in  many  cases  in  this 
mine  it  is  rather  difficult  to  see  where  the 
j»ay  reef  ends  and  the  fodtwall  bastard 
begins. 

Under  conditions  as  uidicatud  above,  it  is 
perhaps:  superfluous  to  point  out  the  possi- 
bility of  error  occurring  in  the  interpretation 


ance  than  have  those  of  the  .Main  Hc-.-f 
Jjeader,  although  clear  vein  quartz  pebbles 
also  occur.  'J'here  is  a  considerable  varia- 
tion in  size  and  shai)e  of  the  [jebbles  of 
bastard  reef.  Black  quart zite  (chert)  is  not 
so  frequently  found,  but  fiebbles  of  grev, 
very  fine  quartzite  are  very  numerous.  The 
main  distinguishing  feature  is  the  r.ccurrence 


Sc.\LE-    1  '5. 

BVST.\KD    REEF    SHOWING    QUARTZ    POKPHYRV     KK.\GMKNT.- 
IXDEXTED       I!V       HARDER     ST'RROUNDING    PEBBLES. 


of  the  data  available  from  a  borehole  core 
or  the  intersection  of  reef  in  a  <^haft.  This 
possibility  led  the  writer  to  study  the  foot- 
wall  bastard  rather  extensively,  and  to  place 
on  record  some  of  the  distinguishing'  charac- 
teristics of  the  deposit. 

In  the  footwall  conglomerate   the   quartz 
pebbles  have   a  r?.ther  more   milky   appear- 


of  pieces  of  yellowish  grey  or  greenish  rock, 
which,  after  a  few  weeks'  exposure  to  the 
mine  air.  turn  brown.  Under  the  micro- 
scope this  rock  consists  of  a  micro-crystal- 
line ground  mass  of  quartz  with  a  few 
opaque,  eroded  crystals,  and  is  probably  an 
altered  quartz  porphyry.  In  the  hand 
specimen  these  fragments  of  rock  appear  to 
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have  been  orifjinally  sofu-r  than  the  other 
ionstitucnts  of  the  conelonierate,  and  to 
have  been  squeezed  into  vorv  i;re;:;uhir 
shapes  and  indented  by  the  quartz  jiebbles. 
This  irregiihirity  in  shape  of  the  fragments 
gives  the  weathered  rock  the  general  appear- 
ance, at  a  distince.  of  liaving  been  splashed 
with  brown  mud.  The  matrix  is  quartzitic 
and  pyrite  is  scarcely  noticeable.  The  gold 
value  is  practically  nothing. 

Sediinrnfarji  Dikes. — Sedimentary  matter 
having  the  appearance  of  having  been 
intruded,  is  mentioned  by  Geikie*  and  other 
geologists,  but  does  not  apnear  to  have  been 
previously  observed  on  the  East  Rand.  The 
writer's  attention  was  first  drawn  to  these 
dikes  by  the  ditficidty  which  was  being 
experienced  in  distinguishing  between  hand 
specimens  of  "dike"  and  "footwall." 
Thin  sections  of  the  so-called  dike  matter 
had  almost  the  same  microscopic  appearance 
as  the  normal  '"  black  bar,"  and  on  exam- 
ining the  dikes  in  situ,  they  were  found  to 
be  intrusions  of  footwall. 

It  appears  probable  that  the  more  argil- 
laceous portions  of  the  footwall  beds  have 
retained  their  plasticity  long  after  the  super- 
incumbent quartzose  beds  were  laid  down 
and  partially  consolidated,  and  that  as  the 
latter  became  heavier  the  clayey  deposits 
were  forced  up  along  lines  of  least  resistance. 


i'lG.  ;^. 

Fig.  3  shows  a  typical  occurrence  (main 
Inclined  shaft,  Brakpan  ]\Iines)  which  has 
Ijeen  mi.staken  for  an  igneous  dike.  The 
flow  structure,  as  indicated  in  the  figure,  is 
verv  obvious. 


Fig.  2. 

The    occurrence    illustrated    in    Fig.    2    is 
interesting    as    an    instance   of   the    way    in 

■  Text  book  of  Geolo'/y,  p.  66">. 


which  these  intrusions  may  lead  to  error  in 
develojiment.  In  this  case  tlie  round  broke 
to  the  line  of  the  fault,  showing  a  face  of 
slate  nearly  to  the  roof  of  the  drive.  The 
indication  was  that  an  up-throw  had  been 
encountered.  The  next  round  showed  the 
reef  in  the  normal  position.  Had  this  intru- 
sion been  of  greater  extent  it  is  probable 
that  the  raise  would  have  l)t'i'n  steepened 
to  look  for  the  reef,  which  wmld  tlien  havi' 
been  passed  over. 

The  intru-;ions  do  not  extend  a  great,  dis- 
tance  lateiallv,    as   is  shown   in   Fie;.   4.     In 


Fig.   4. 

tliis  case  five  ci-oss-cuts  were  driven  in 
faulted  ground  at  varying  intervals  over  a» 
total  distance  of  500  feet.  Three  of  these 
{•ross-cvits  are  illustrated,  the  ones  at  either 
end  being  omitted,  as  they  only  disclosed 
simple  faults.  At  first  sight  it  appears  that 
these  inti'usions  occur  in  fault  planes,  but 
after  the  examination  of  a  number  of  cases 
the  writer  is  of  opinion  that  the  intrusions 
occurred  first,  and  by  forming  lines  of  weak- 
ness they  led  to  the  formation  of  faults. 

Conclusio)i. — It  is  obvious  tliat  the  intru- 
sion of  masses  of  sediment,  indistinguish- 
able petrologically  from  the  normal  footwall, 
niaij  lead  to  futile  excursions  into  the  hang- 
ing wall  by  laising  or  cross-cutting,  and  that 
the  geology  of  the  "  black  bar  "  is  therefore 
worthy  of  the  attention  of  those  engaged  in 
development  work.  To  those  engaged  in 
the  exploitation  of  new  areas  it  is  of  even 
more  importance,  as  it  is  possible  for  a  drill 
hole  or  even  a  shaft  to  intersect  an  area  of 
irregular  sedimentation,  complicated  with 
faulting,  and  to  pass  the  Main  Eeef  Leader 
unnoticed.  Such  a  possibilitv  is  illustrated 
in  Fig.  5.  All  four  of  the  difficulties  here 
illustrated  occur  in  the  Brakpan  Mines, 
namely,  an  intrusion  of  footwall  with  a 
fault,  the  Main  Reef  Leader  consisting  of 
a  single  layer  of  pebbles  and  a  further  leader 
Iving  on  slate  at  a  depth  below  the  Main 
Reef  Leader  of  about  IHO  ft.  Although  not 
occurring  in  the  same  section,  these 
phenomena  were  encountered  within  a 
radius  of  200  ft.  It  is  conceivable  that  a 
shaft  put  down  as  shown  in  Fig.  5  might 
have  resulted  in  development  being  com- 
menced upon  a  wrong  liorizon. 
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It  was  iKjt  the  intention  of  tlie  wiitci'  in 
these  notes  to  venture  outside  the  tield  of 
l»raetical  mining  geology,  but  witli  the 
fvidence  exposed  in  the  workings  at  ]-5rak- 
jian,  bearing  as  it  does  upon  tlie  origin  of 
this  formation,  it  is  difficult  to  leave  the 
subject  without  theorising  upon  the  condi- 
tions prevailing  when  the  footwall  beds  were 
deposited.  We  have  within  a  comparatively 
small  area  evidence  of  extensive  mud  flats 
alternating  with  sand  banks  and  pebbly 
l>anks,  and  one  is  impressed  with  the 
amount  of  incontrovertible  evidence  in  suji- 
port  of  Dr.  -Mellor's  estuarian  theory. 

The  writer  hopes  that  not  only  will  these 
notes  be  of  some  little  value  to  engineers 
engaged  in  the  exploitation  of  the  newer 
areas  of  the  Far  East  Rand,  but  will  also 
lead  to  further  information  as  to  these  foot- 
wall  beds  being  placed  on  record  by  those 
t-ngaged  in  development  work  on  mines  in 
this  district. 

The  President:  I  should  like  to  move  a 
a  vote  oi  tlianks  to  Mr  .Macer  for  his  very 
interestiTig  notes.  They  are  of  a  highly 
tichnical  character,  in  the  sense  that  they 
It-present  the  observation  cf  a  man  who  has 
to  deal  with  these  matters  underground  and, 
therefort',  I  do  not  suppose  there  is  any 
particular  occasion  for  the  subject  to  be 
pfuerally  discussed  this   evening. 

To  those  who  are  interested  in  this 
subject,  it  gives  an  opportunity  to  \odk  a 
little  cl<^<er  into  the  mines  witli  whu-li  tliey 


all'  i-onni'ctfd  and  to  ml'  uhdhiT  tin-  poinl.-i 
Ihat  1k'  has  placed  before  you  this  evening 
can  bf  adaptt'd  to  practical  utility  in  their 
own  particular  sphere  'l  lu-n-  is  nothing 
partic\ilaily  controversial  or  tln-orrtical,  it 
being  a  plain,  straighti<-r\vaid  relation  of 
fai'ts  as  tlu'V  have  been  observed  by  the 
writer. 

The  only  reference  I  have  si-en  for  sonn- 
considerable  time  to  the  subject  which  Mr. 
Macer  has  chosen  is  in  ])r.  Mellor's  paper 
(;n  the  Upj)er  WitwattMsrand  System,  read 
before  the  (i( ological  Society,  on  tlie  14th 
June.  1915,  where  he  refers  to  the  existence 
of  conglomerates  below  the  horizon  of  the 
Main  Keef  Lcfider  on  the  Far  Eastern  Hand. 
Here  he  illustrates  this  point  by  a  section 
in  the  lirakpan  Mines;  and  I  am  not  sure 
whether  it  is  not  a  very  similar  one  to  the 
one,  or  to  one  of  those,  brought  foiward  by 
!Mr.  Macer  this  evening.  And  he  states  that 
boreholes  in  tiie  vicinity  of  this  section  show 
that  the  body  of  quartzite,  shale  and  con- 
glomerate which  lies  below  the  reef  hori/on 
rapidly  thickens  to  200  ft.  at  a  distance  of 
400  ft.  liom  the  point  where  it  is  first 
observable.  The  feature  to  which  he  calls 
particulai-  attention  is  the  peculiarly  undu- 
lating nature  of  the  bedding  and  the  associa- 
tion of  the  coarser  deposits  with  slate\'  beds, 
the  variable  distance  below  the  foot-wall  of 
the  "  Leadei-  "  at  which  conglomerates 
occur,  and  their  intennittent  character.  He- 
gives  the  opinion  that  these  scattered  bodies, 
of  variable  conglomerates  are  to  be  regarded 
as  belonging  to  the  same  group  as  the 
variable  sediments  found  below  the  Main 
Eeef  Leader  at  intervals  from  the  I'rimrose 
and  Glencairn  to  the  East  Eand  Proprietary 
Mines. 

Possibly  that  portion  of  Dr.  :Mellor's  vie\vs- 
which  are  not  referred  to  in  Mr.  Macer 's 
paper  is  the  one  that  may  give  rise  to  the 
most  interesting  portion  of  any  discussion: 
that  may  come  from  this  paper. 

Mr.  W.  Bleloch  (Mcmhcrr  The  paper 
is  extremely  interesting  to  me  as  a  student 
of  these  beds  on  the  Far  East  Piand.  There 
are  one  or  two  points  in  the  paper  which  1 
think  call  for  special  comment.  One  is  the 
photograph  which  shows  the  occurrence  of 
quartz-porphyry  pebbles — in  these  banket 
beds  lying  between  the  Van  Ryn  Reef  and 
the  footwall  shales  at  some  places  in  the 
Brakpan  Mines.  I  may  say  there  are 
similar  occurrences  in  other  mines  on  the 
Far  East  Rand:  that  is,  the  occurrence  of 
bankets  below  the  Van  Ryn  Reef^  proper. 
Similar  pebbles  are  found  in  the  Van  Ryn 
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lieef  itself  and  so  far  as  I  know,  theso 
tiuartz-poqiliyry  pebliles  art-  i)t'fnliar  to  tlu' 
Van  Kyn  bankets.  I  do  not  know  of  siu-h 
pebbles  oecnrring  in  what  I  call  the  Central 
Jiand  Mahi  Reef  Series.  It  would  be  rather 
interesting  if  members  wlio  are  entja,m'd  in 
Central  Kand  Mines  would  take  note  of  the 
oeeurrenee  of  these  (]iiartz-porphyry  pebbles 
mentioned  by  Mr.  Macei-  in  these  beds  in 
Brakpan  which  1  believe  are  peculiar  to  the 
Van  Ryn  Reef  Series  of  the  Far  East  Rand 
and  find  out  whether  or  not  they  occiu-  in 
the  Main  lieef  Series.  As  is  known,  one 
man  cannot  see  everything,  and,  if  all 
members  looked  for  evidence  on  such  points, 
I  think  we  would  gain  a  great  deal  of 
valuable  knowledge. 

The  next  ])oint  which  tlu-  author  brings 
out  fvilly  in  the  illustrations  is  the  occur- 
rence of  the  intruding  material  he  describes 
apparently  from  the  footwall  shales.  It 
appears  that  the  mud  which  foniied  the 
footwall  shales  of  the  Van  Ryn  while  it  was 
still  more  or  less  plastic  w  as  in  places  forced 
through  and  between  the  l)eds  in  the  same 
way  as  the  material  of  igneous  dikes  has 
lieen  forced  through  and  between  the  beds. 
These  are  extremely  interesting  illustrations, 
and  for  those  members  who  live  in 
Johainiesburg  I  may  say  that  I  liappen  to 
know  of  a  ])lace  close  at  liaiid,  wlicif  a 
similar  occurrence  can  be  si-en,  that  is  on 
T.,angerman's  Kop.  Looking  from  Bezuiden- 
hout  Valley,  one  will  see  the  footwall  shales 
of  the  Kop  ruiming  along  below  the 
quartzite  banket  beds  and  at  a  point  aliout 
the  middle  of  the  Kop,  these  shales  are  to 
be  seen  intruding  into  the  (piart/Jtes  light 
to  the  top  of  the  Kop,  giving  all  tlie  ajipear- 
ance  of  an  intrusive  dike.  These  intnidinc: 
shales  have  been  examined  microscopically 
by,  I  think,  Di-.  Corstni'pliine  and  <4lit'is. 
and  they  have  been  definitely  deteiniined 
to  be  of  sedimentary  origin. 

The  conclusions  to  whicli  the  jiuthor 
comes  regarding  Brakpan,  I  think,  are  on 
the  whole  warrantal)le ;  but  I  would  suggest 
another  possible  explanation,  and  that  is  that 
we  may  have  tf)  do  with  what  one  might 
call  interfoi-mational  unconformity;  that  a 
certain  amount  of  contemporaneous  erosion 
has  taken  place  between  the  completion  of 
the  deposition  of  the  Van  Ryn  muds— foot- 
wall shales  of  the  Van  Ryn  Reef— and  the 
deposition  of  the   Van  Rivii   Reef  itself. 

There,  in  the  area  at  Braki)an  wliicrh  I 
have  been  to  examine,  more  especially  with 
regard  to  one  of  these  occm-rences,  what  is 
known    as   the    Van    Rvn    Reef    is   found    to 


continui'  right  across  the  irregular  bodies 
of  reefs  and  (puutziti',  wliich  oc-c-ur  there 
below  it,  until  sniiie  distam-e  on,  tlie  reef 
is  fount!  again  to  be  lying  in  on  its  fcx)twall 
shale.  That  is  to  say:  in  tliis  area  where 
these  abnormal  beds  occur  in  between  the 
Van  Ryn  lieef  and  the  footwall  shale  the 
reef  itself  keeps  on  without  displacement  for 
several  hundreds  of  feet,  and  after  passing 
over  that  area  the  reef  again  rests  on  the 
normal  footwall  shales.  It  looks  as  if  there 
had  been  erosion  of  the  footwall  shales  at 
this  place  forming  a  sort  of  deep  guUey 
perhaps  a  couple  of  hundred  feet  deep  and 
sevei-al  hinidreds  of  feet  wide,  and  that  this 
gulley  had  l)een  filled  up  with  otiier  material 
and  the  whole  levelled  up  again  before  the 
deposition  of  the  Van  Ryn  Reef. 

I  may  say,  there  are  othei-  occurrences, 
especially  further  afield,  down  t(>w;u\ls  the 
Heidelberg  l~)istrict,  which  give  one  the 
impression  that  there  was  an  abrupt  marked 
change,  between  the  conditions  which  pre- 
vailed when  the  footwall  shales  were  laid 
down  and  the  conditions  which  prevailed 
immediately  after  when  the  Van  livn  Eeef 
itself  was  laid  down.  These  shales  thin  out 
veiy  remarkably ;  the}'  sometimes  get  down 
to  k)  ft.  or  40  ft.  thick.  The  normal  thick- 
ness on  the  Far  East  Rand  is  400  ft.  or 
."iOO  ft.  The  Van  Ryn  Reef  itself  seems  to 
maintain  its  character,  and  I  would  even 
say  tliat  it  is  distinguishable  not  only  from 
these  beds  described  by  the  author,  in  its 
matrix,  pebbles,  gold  contents,  and  other 
points,  but  is  even  more  distinguishable 
from  the  beds  of  the  Central  Rand  Main 
Reef  areas  or  any  other  of  the  banket  beds 
of  these  fields. 

I  do  not  think  I  need  say  anj^thing  more, 
except  to  express  the  pleasure  I  have  had 
in  reading  the  author's  paper,  and  t^  thank 
him   for   th(>    information    h(>   has   given    us. 


FU KTHl 


xXOTES   ON   8ANDFILLIN(^ 
OF   MINES. 


]5y  C    H.    CkkatheaI)  (Member  fif  Council.) 


( I'nnled  in  Journal,   Jpril,    1918.) 


The  President:  It  is  very  regrettable  in 
a  way  that  there  has  been  such  a  scanty 
contribution  to  this  discussion.  The 
author's  paper  was  a  very  interesting 
account  of  a  definite  process  that  he  has 
been  successful  in  applying  to  a  particular 
problem  on  the  Simmer  Sc  Jack  Mine;  and 
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appaiviitly  I'ViTvlxuly  lias  takoii  it  in  that 
Rt'iisi'.  'I  lu'V  arc  tlu'ictoif  not  prcpaiod  to 
I'oiiu'  tVirwaid  with  procfssrs  on  other  iniiu'S  ; 
but  the  author  fxplieitly  calls  his  paper 
■'  Further  Notes  on  San(ltillin«,'  oi  Minos," 
aiiil.  as  there  are  many  mines  that  are  sand- 
tilling,  the  only  tiling:  1  ran  pi'opose  is  that 
others  will  come  lorwaiil  with  '"  Still 
Furtiier  Notes  on  Sandtillin^  ot  Mines,"  as 
they  apply  to  their  own  particulai-  problems. 


CKMEN'iWrioN  PKOCESS  APl'I.lED  TO 
MINJNC.    'I'lIAX  COIS  SYSTEM). 


By  A.   H.   Kryxauw  (Member). 


( I'rinted  in   Joioiki/,    ^((i/,   10 /S.J 

The  President:  This  papei-  was  one  in 
which  the  author  outlini-cl  the  principles  of 
the  system  with  descriptions  of  particular 
ajjplii-ation  to  one  or  two  problems  which 
were  engaging  the  minds  of  engineers  here 
at  tile  moment.  There,  again,  there  was 
very  little  opportunity  for  criticism,  because 
«)  few  here  had  sutttcient  experience  of  the 
process.  We  can  only  hope  that  when  the 
author  replies  to  the  discussion — the  very 
little  discussion  which  has  so  far  not  been 
i(,>ilhcomi]ig  —  he  will  suj^plement  his 
^vriginal  paper  by  some  information  as  to  the 
success  or  otherwise  of  his  practical  applica- 
tions, so  far  as  they  have  been  proved 
to-dav. 


THE     ESTIMATION     OF     OXYGEN    IN 
WOKKIXG  CYANIDE  SOLUTIONS. 


By  H.   A.   \VniTE  (Vice-President  ) 


i Prinitd  in   J'/jhikjI,   June,    191S.) 


niSCL'SSION. 

Mr.  F.  Wartenweiler  (Mcntber  of  Coun- 
cil/: In  cur  experience  with  Mr.  White's 
method  since  its  publication  we  have 
encountered  several  ditliculties,  and  ask  his 
indulgence  in  bringing  them  to  notice; 
perhaps  he  can  exphi' :i  them  or  suggest  a 
remiedy. 

We  find  that  the  dye  standard  becomes 
definitely  lighter  in  shade  in  a  month's 
time.  It  may  l)e  necessary  to  make  fresh 
standai'ds  at  frequent  periods.  We  have 
made  uo  effort  to  keep  these  standards  away 
from  other  than  direct  sunlight.  With  some 
solution  effluent  from  sand  treiitment,  the 
tint  formed  is  violet,  and  vmder  this  condi- 
tion colorimetric  estimation  with  the  stan- 
dards made  is  not  possible.      I  would  like  to 


nsk  Mr.  White  if  lie  Ims  checked  his  colori- 
metric determinations  by  any  of  the  older 
and  slower  methods   he  refers  to. 

Allowing  for  the  ditlienlties  irientioiied, 
and  which  may  be  jtrovided  fur.or  overcome. 
Mr.  White's  colorimetric  method  shf)uld 
appeal  to  the  cyanide  plant  operator  as  fi 
ra|)id  me'ins  of  obtaining  comparati\t; 
infornuition  regarding  the  oxygen  content  r.f 
solutions.  .\fter  the  standards  of  cohan- 
have  been  made  up  by  an  aruilyst,  the 
actual  deteiinijiation  may  be  carried  out  in 
a  few  minutes  by  the  plant  foreman  or  the 
shiftsmen.  This  r.ipidity  of  estimation  has 
been  desired  for  a  long  time,  and  we  are 
indebted  to  Mr.   White  for  his  research. 

It  may  be  of  interest  to  record  a  few 
oxygen  determinations  carried  out  at  differ- 
ent times  by  this  new  method,  on  a  Central 
Tiand  plant,  for  comparison  with  Mr. 
White  "s  data,  which  is,  presumably,  (iii  a 
plant  on  the  East  liand. 

Strong  Solition  I'ukcipitatiox  Box 

Barometer,  620  m.m.     Temp.  20°  C. 


I'trrentaifi- 

Solution. 

.Mrs.  o 

Gold 

Oolrt 

pLT  litre. 

ilwt.  per  ton 

preoipitate<l. 

Entering  1st  com- 

partment 

65 

5-33 



Leaving  Lst  com- 

partment 

0-5 

0-47 

911 

Leaving  2nd  com- 

partment 

trace 

009 

80-8 

Precipit.    Sol.    in 

.sump 

6  0 

It  will  be  noted  that  the  gold  precipitates 
rapidly  with  the  reduction  of  the  oxygen, 
and  a  high  percentage  of  the  precipitation 
is  reached  simultaneously  with  the  exhaus- 
tion of  the  oxygen  content. 

Misci-XL.xNKOfs  Solutions. 

Barometer  620  m.m.         Temp.  20°  C. 


.Solution. 

Mp?.  o 

per  litre. 

Strong  Sand  solution  in 

steady  head 

before  precipitation 
Weak  Sand  solution   in 

steady  head 

6  0 

before  precipitation 

6  0 

Slime  .solution   in  steady 

head  before 

precipitation 
Stnng  sand  solution   in 

sump    after 

6-0 

precipitation 
Weak    sand    .solution    in 

sumj)   after 

5  5 

preci|iitaLion 

60 
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The  oxygen  content  «jhown  above  is  not 
far  from  saturatinn  iMunt;  7-2  rags,  per  litre 
being  the  maxinuuu  by  Suttttu's  t;ible. 

SuLfTIONS  IN   SlIMF.  SOLITK^N   rRKC'lPlTVTION 

H..X. 

ivmp  ,  21°  c.  kln    o-oor) 

l^;!ronieter,  (>!?Om.m.     CaO=-0-()0r) 
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trace 

01 5 

37  5 
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trace 

010 
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Li  di.scbarge  pipe 

from  box 

5  U 

Where  it    strike- 

solution  surfacv 

in  sump 

(vO 

In  sump 

■ 

f)  0 

It  will  be  noted  that  the  S'")  mgs.  oxygen 
content  is  higher  than  a  saturated  sohition. 
This  manifestly  impossible  figure  is  prob- 
ably due  tr)  fading  of  the  colour  standards, 
resulting  in  high  readings.  In  this  table  a 
high  decrrce  of  precijjitation  is  not  reached 
oncufrently  with  the  exhaustion  of  the 
oxygen,  as  in  tlu^  stron?  solution  precipita- 
tion box.  It  is  again  noticeable  how  rapidly 
the  cyanide  solution  absorbs  oxygen  after 
leaving  the  reducing  action  of  the  zinc  in 
the  extractor  box. 

The  corollary,  suggested  in  .Mr.  White's 
paper,  i.e..  the  effect  of  a  de-serated  sohi- 
tifiii  on  cyanide  and  zinc  consumption  and 
on  the  pre.sent  objectionable  zinc  box  pro- 
ducts in  the  slime  solution  precipitation 
boxes,  appears  to  be  a  nntter  fr)r  large  scale 
t'Xpennicntati';!!   under  our  h.cnl  conditions. 

Mr.  H.  A.  White  (Vice  -  Presidcui): 
About  the  colours.  It  is  a  fact  that  many 
brown  dyes  fade  rather  lapidly,  hut  the 
dye    tliat    I    mtMitioii    in    my    paper,    called 

Diamond  I^if)wii,""  I  found  would 
certaijdy  maintain  its  coloui-  sufficiently  ff;r 
o\(-r    a    mojith    if   l<fpt    in    tlir    dark    and    if 


distilled  water  is  used  for  making  it.  Kand 
Water  ]3oard  water  coagulates  the  dye  after 
a  short  s])ace  of  time  and  precipitates  a 
certain  portion  of  the  solution  as  a  lime 
comjiound.  Tlie  \  iolet  coloration  mentioned 
by  Mr.  Wartenweiler  usually  clianges  witliin 
five  or  ten  miiuites  to  the  usual  brown  and 
may  then  be  compaied.  1  do  not  know  tliafc 
there  i>  anything  more  I  need  say  on  the. 
point  at  present.  1  would  just,  however, 
remark  in  reference  to  the  question  of 
abstracting  oxygen  from  the  solutions  and 
the  beneficial  effect  it  would  have  on  the 
white  precipitate,  and  in  other  directions,  I 
notice,  since  the  paper  was  written  a 
research  has  been  published*  by  Mr. 
T.  B.  Crowe,  in  America  (who,  I  l)elieve, 
is  a  member  of  our  Society),  and  that  the 
idea  has  been  developed  into  what  is  con- 
sidered a  technical  success.  The  experi- 
ments I  have  myself  made  of  applying  a 
vacuum  to  solutions  would  indicate  that 
some  special  method  must  bf-  used  involv- 
ing agitation  or  spraying.  This  should  be 
investigated  speedily,  and  a  grant  from  tlie 
Chamber  of  Klines  is  to  be  suggested. 


THE  EFFECTS  OF  DUST  INHALATION 


By  J.  S.  Haltunk,  M.D,  F.h.S 
(Hon.   Member). 


(Printed  in  Journal,  July,  191S.) 
The  President:  Since  the  last  meeting, 
you  have  all  had  the  opportunity  of  reading 
the  discussion  that  took  place  before  the 
Institution  of  Mining  Engineers,  in  London, 
when  you  ^  will  notice  the  subject  created 
the  greatest  interest  amongst  both  mining 
engineers  and  medical  men  of  the  highest 
standing  at  home.  We  had  hoped  to  have 
had  contributions  fi-om  our  local  medical 
men  but,  as  you  are  awai'e,  they  have  been 
so  fully  engaged  in  dealing  with  the  ep'demic 
which  has  been  causing  sucli  havoc  amongst- 
us,  that  I  fear  they  have  not  been  able  to 
give  any  attent'on  to  the  subject  at  tlie 
moment.  At  the  same  time,  we  will 
welcome  the  opinions  of  practical  men  on 
the  subject. 

Dr.  J-  Moir  fPost-Prr.^iflcni)  (confri- 
hutcdi:  Tile  conclusions  to  be  drawn  from 
Dr.  Haldane's  paper  are  of  sf)  far-reaching 
a  nature,  particularly  on  the  practical  side, 
that  I  wish  to  sound  a  no'e  of  caution  as  to 
the  desirability  of  confiiming  the  experi- 
mental resvdts  l)y  me-ir.s  of  fresh  experi- 
mental   method >.      The    experimental    work 

*  See  this  Jonninl,  pa^'e  82. 


N.K. 


Vvi'i'eijioiit/e.iii't    niid  C<>iifriliii/ioii> 


l.'nn„hr    /.,„;„,,- 


n  wiiirli  (lie  conclusions  arc  based  was 
,i{»jiarcntl\  done  bctoic  the  a|)[)carance  of 
u  paper  h\  Watkins  ritclitonl  and  myself 
in    uliicli    \\i'    denioiist)-ati'(l  :     (1)   tlial    Uil 

i'  ilic  miiii'i-al  niattci-  in  lunus  is  invisible 
iindci- (.)i<linar\  niicinscdpic  examination  such 
as  presumal)ly  was  madr  li\  Mr.  Mavi'o- 
f»c,idat(>,  and  ("2)  that  a  cDnsidci  able  pro])!)!*- 
tion  of  what  /n  \isil)K'  consists  not  of  silica 
bvit  of  the  accessory  hifrhly-polarisingi 
minerals  ot  tlie  dust  iidialed,  these  havinj: 
been  mistaken  for  silica  by  the  earlier 
observers.  Therefore  until  the  experiments 
are  repeated  using  methods  which  exhibit 
file  whole  of  the  dust.  1  prefer  an  attitude 
of  susf)ended  judgment  on  the  whole 
question.  From  the  occurrence  of  these 
sliarp,  insoluble  and  comparatively  hard 
])articles  of  mica,  etc.,  in  "silicotic"  lungs, 
it  is  nowadays  obvious  that  the  hypothesis 
of  "free  silica"  as  the  sole  causative  agent 
in  pneumokoniosis  will  not  hold  water : 
apparently  every  silicate  except  the  talcose 
and  chloritic  ones  is  objectionable,  and 
those  which  are  attacked  by  cold  HCl  seem 
to  be  the  kind  that  is  harmless  and  even 
beneficial. 

( '  II  I!  I  ST.MAS      G  UKKTIXGS. 

The  President:  Nothing  remains,  as  far 
as  the  business  of  the  evening  is  concerned, 
except,  as  we  shall  not  meet  again  till 
February,  for  me  to  take  the  opportunity^ 
of  wishing  you  all  a  very  Happy  Christmas 
and  Pro.s[ieious  Xevv  Year  and  to  hope  that, 
when  we  meet  again,  we  shall  do  so  in  the 
fidl  enjoyment  of  peaceful  conditions,  and 
be  full  of  ideas  for  future  progress. 

Tile   .Meeting  then  terminated. 


Correspondence  and  Contributions. 


IHE  CONSERVATION  (JF  .M.\TERIALS. 

LAUNDEli    LiXEliS. 

With  the  object  of  bringing  to  light  and 
record  local  practical  development  of  satis- 
factory launder  linings,  made  of  cheap  and 
conunon  materials,  and  in  the  hope  that 
"ther  members  will  contribute  their  experi- 
ence and  knowledge,  I  am  introducing  this 
rather  ordiiu^jy  subject  by  describing  two 
tyj)es  of  liners  : — 

'  Siecl  Bar  Type.— The  following  descrip- 
tion serves  to  describe  a  liner  used  by 
Mr.  F.  Cindel  at  the  Durban  Deep  plant. 
Reference  was  made  to  a  liner  of  this  type 
by  J.  M.  Dixon  in  our  September,  1915, 
Journal : — • 


I  he  II  in.  X  12  in.  hiimder  leading  from 
the  return  classifiers  to  the  tube-mill  cones 
is  lined  with  discarded  7  ft.  lengths  Osborn 
liner  bars  of  tapering  cross-section  ;  set  on 
edge  and  laid  in  ci.inenl.  'J"he  corners  of 
the  launder  are  first  filled  by  ii  thn-e- 
cornored  wofidtiii  fillet  and  the  bars  are 
placed  around  this    I'-shaped  contrjur. 

Care  shoidd  be  exercised  in  selecting  tlu* 
bars  to  have  them  of  ujiiform  size,  other- 
wise excessive  wear  takes  place  at  the  butt 
joints  when  a  large  bai-  follows  a  smaller 
one.  This  makes  a  lining  from  i  in.  to  1  in. 
in  thickness.  It  is  built  in  during  the  usual 
monthly  shut  down  for  repairs,  and  can  be 
placed  and  in  use  inside  of  nint.-  hours  by 
making  special  ])rovision  for  drying.  This 
is  done  by  soaking  discarded  bairs  in  paraffin 
oil  and  burning  them  slowly  on  top  of  tiie 
newly  laid  cement. 

The  slope  of  this  launder  is  8*o/',  and  the 
pulp  flowing  over  has  the  following  grading : 
+  60  +90  -  90 

74/:  to  <)i:        14%  to  20V       12%  to  19  ; 

Renewals  have  been  necessary  after  two 
years'  use,  at  points  of  division  of  the  main 
launder:  also  at  the  top  end.  due  to  exces- 
sive wear  caused  by  the  high  velocity  of 
pul{)  issuing  from  the  classifier  no/.zles. 
With  the  exception  of  these  points  where 
extra  wear  takes  place,  the  lining  j)romises 
to  last  18  months'  additional  to  the  three 
3'ears  during  which  it  has  been  in  contimi- 
ous  use. 

All  the  launders  carrying  the  mill  |ilale 
discharge  have  been  lined  with  this  type  of 
liner,  and  after  two  years'  use  show  little 
wear. 

The  cost  of  lining  100  ft.  of  12  in.  x  14  in. 
laimder  is  estimated  at  80s.  for  labour  and 
material.  Approximately  3.000  lb.  of  dis- 
carded steel  is  used  for  this  distance.  The 
cost  of  new  belt  lining  for  this  same  100  ft. 
would,  at  present,  be  seven  times  as  high, 
and.  judging  by  experience,  would  last  only 
six  months. 

Concrete  Type. — At  the  Consolidated 
Main  Reef  ]dant  a  concrete  liner  introduced 
by  J.  T.  Walker  has  replaced  all  others  for 
some  years.  At  first  concrete  U  cross- 
section  blocks  were  placed  in  the  mill 
launders.  During  three  years  of  wear  only 
the  lining  on  the  bends  has  been  replaced. 
The  wider  portions  of  the  launder  taking- 
pulp  from  mill  pumps  to  tube-mill  cnnes 
(slope  9iV')  were  lined,  bottoms  and  sides, 
with  2h  "in.  thick  flat  concrete  slabs  and  the 
narrower  parts  with  U-sha])ed  blocks.     Very 
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few  slabs  or  blocks  have  been  renewed 
(lurin:;  three  vears  of  life.  Plate  house 
l:\uiiders  (slope  0';)  lininj:  of  I'-shaped 
blocks  shows  little  wear  after  four  years' 
service.  The  I'  blocks  in  the  launder  cou- 
veving  the  return  pulp  slope  8i"  >  have 
•{iven  2^  years  of  service  with  promise  of 
many  addititmal  years.  .\t  the  he:id  of  this 
launder,  where  the  classifier  underflows 
impint^'e  on  the  linini;,  the  V  blocks  last  only 
five  months. 

The  following  mixture  is  used  for  tliis 
concrete  liner  : — 

One  part  by  volume  dump  waste  (mostly 
quartzite)  crushed  to  i  in. 

One  part  by  volume  fine  from  above 
crushing   (passing  ^  mesh). 

One  part  by  volume  washed  drift  sand. 

( )ne  part  by  volume  Pretoria  Portland 
cement. 

The  blocks  are  cast  in  a  long  frame  hold- 
ing ten  to  twelve  moulds.  Afte^-  allowing  to 
set  and  dry  for  two  days  in  the  frame,  they 
are  submerged  in  water  for  six  or  seven  days 
and  are  then  ready  for  use. 

The  flat  slabs  are  usually  2J  in.  thick  with 
length  and  width  to  suit  requirement.  The 
blocks  or  section  of  U  cross-section  are 
usually  18  in.  long  and  9  in.  deep  and  from 
IH  in.  to  13i  in.  wide  over  all.  The  thick- 
ness at  the  bottom  is  from  2  in.  to  2\  in., 
tapering  off  to  1  in.  sides  at  the  top.  Blocks 
to  tit  bends  in  the  launder  are  made  with 
the  same  cross-section  dimensions.  The 
.average  weight  of  an  18  in.  length  section 
is  To  lb. 

The  slabs  and  U  block  are  jointed  in  the 
launders  with  quick-setting  magnesia 
cement  or  with  mill  blanketing.  Either 
method  is  satisfactory.  When  making 
renewals,  the  worn  blocks  are  chipped  out 
and  replaced  by  new  ones.  The  discarded 
blocks  are  ground  in  the  tube  mills  and  pass 
into  the  pulp  circuit. 

The  cost  of  the  U  section  block,  for 
labour,  material  and  installation  can  be 
taken  approximately  at  20d.  per  running 
foot.  This  is  very  little  more  than  a  1  in. 
pitch  pine  lining  with  3  in.  x  3  in.  angle 
fillets,  and  much  less  than  the  cost  of  new 
belt  lining. 

In  saving  of  stoppage,  in  length  of  life, 
and  in  labour  of  installation  the  advantage 
is  also  decidedly  with  the  concrete  liner. 
Where  launders  are  running  overhead, 
trestle  supports  usually  require  stiffening  to 
take  the  extra  load. 

The  following  tabulation  summarizes  the 
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Slag  liners,  made  of  basic  blast  furnace 
slag  and  cast  in  iron  moulds  with  reinforce- 
ment of  discarded  battery  screening,  were 
rather  a  disappointment  on  account  of  their 
rapid  abrasion,  as  compared  with  a  con- 
crete liner.  .Mthough  considerable  care  was 
taken  in  annealing  the  cast  T'^  section  by 
cooling  slowly  under  sand,  it  was  not  found 
possible  to  overcome  brittleness  in  casting 
of  the  comparatively  thin  cross-section  to 
which  a  launder  lining  has  to  conform. 

No  particular  novelty  is  claimed  for  the- 
liners  described  in  the  foregoing.  The  con- 
crete lining  maintains  quite  a  smooth  rim- 
ning  surface,  and  comparatively  little 
amalgam  is  trapped  by  it. 

F.    WARTENVfEILER. 


Nov.  IKlsi 


.\«//. 


,,/       MxlKirt.-!  :      (l,.i„xsh,j 


Obituary. 

Ml!.     S.     II.     1',.m;1(,ht 

'I'llf  (li'iitli,  lloiii  |)ii('iilii()iii;i  lollow  ili;4 
iiiriiu'.n/.a,  is  rccoidrd  with  iiiucli  regret  of 
Mr.  Slicinian  H.  Huiiglit,  H.Sc-.,  at  tlu- 
Ijoiicly  Miiu',  liliodfsiii.  'J'lie  deceased  was 
l)oni  it;  Canada  in  IHHl,  and  was  edueated 
at  Mc(iill  Inixfisitv,  .Mdiitiral.  He  came 
to  South  Aliiea  in  l'.)(l."),  joiniiit^  the  Soeit-ty 
in  Man-h,  I'.MKS.  at  which  time  lie  was 
^h^na^el•  vA  the  (iieat  I'^astcrn  ( "olh'cries. 
Sul)se(|nently  he  went  to  Khodi'sia,  hcin^; 
i<K'ntitie(l  with  the  developinent  of  the 
Lonely  Mini'  troni  tlie  time  it  was  taken 
ovtT  hy    the    company. 

Mr.  Horiglit  was  a  \ahied  nu-mher  of  tlie 
I'^xeeutive  of  the  Hliodesia  Chambei'  of 
Mines,  hif^hly  esteiaiied  as  an  engineer  and 
greatW  respected  by  all  who  knew  him.  He 
left  a  widow  and  two  childit'n  to  whom  the 
sincere  condoleiu-es  of  th(>  Society  ;ire 
tendered. 

Mi;.  D.  T.  T.,KoN-\Kn. 
Another  victim  <>i  the  ))revailing  ejiidemic 
is  Mr.  Dillon  Tredw  ay  Tjconard.  an  .\sso- 
ciate  of  tlie  Society  since  March.  1012. 
Mr.  Leonard  was  connected  with  the  reduc- 
tion works  of  a  number  of  mines  in 
Hliodesia,  at  Gatooma,  liulawayo,  Selukwe, 
and  elsewhere. 

Notices  and  Abstracts   of  Articles  and 
Papers. 


CHEMISTRY. 

The  1.'tii.iz.\tion  of  Open  Heauth  B.\sic  Slag. 
— -"  Some  fifteen  months  ago  Profs.  Hilchrist  and 
Louis  drew  attention  to  tlie  urgent  importance  of 
utilising  for  fertiliser  purposes  tlie  vast  quantities 
■of  open-hearth  basic  slag  which  existed  or  were 
being  jjroduced  in  this  country.  They  point  out 
that  the  neglect  of  this  by-product  of  steel  manu- 
facture was  due  mainly  to  the  circumstance  that 
the  availability  of  the  phosphoric  acid  content  was 
very  low  as  compared  with  that  of  tlie  basic  slag 
obtained  by  the  Basic  Bessemer  process,  when  both 
were  determined  by  the  citric  acid  solubility  test  ; 
that  this  test  is  a  purely  empirical  and  abitrary 
one,  having  nt>  direct  relation  to  field  conditions ; 
and  that  the  popularity  of  the  test  was  to  be 
ascribed  to  German  business  acumen,  for  Germany 
produced  about  seventeen  times  as  much  liessenier 
slag  and  only  about  twice  as  much  of  open  hearth 
slag  as  we  did,  and  her  steel  manufacturers  have 
been  able  to  reap  a  rich  harvest  from  the  sale  of 
this  by-product. 

In  view  of  the  commanding  position  which 
Bessemer  slag  had  lield  hitherto,  and  of  the  fact 
that  of  the  twenty-five  firms  which  make  basic 
slag  in  this  country,  only  a  few  produce  the  open- 
hearth    variety,    it  Was    scarcely    to   be    anticipated 


tliat  any  rapid  headway  would  be  n'.ide  at  ijii- 
out.set.  NevtTthele»«  we  are  pleased  to  be  able 
to  record  that  very  considerable  progress  lias  been 
i'l7((tfd.  A  year  ago  lli.-  total  production  of 
ground  bisic  .slag,  a\ail;iblc  for  agriculture,  war 
csti^iiated  at  l(HI,(((itl  tons  for  the  period  .\prh 
1!}17-18.  The  actual  (piantity  produied  was  about 
2J';,,  in  e.viess  of  tliis  estimate.  'J'he  increase  wa;- 
due  to  the  pressure  e.verci.sed  by  tin-  .Minister  of 
Munitions  with  the  object  of"  aiiginentin::  tin- 
(piantity  of  low  grade  slag  which  w;is  being  grouixl. 
'i'his  satisfacloiy  achievement  was  a(  coniplislieil  in 
spite  of  many  diHiculties,  among  which  railwas 
transport  and  the  provision  of  the  necessar\ 
facilities  for  grinding  may  be  spcciilly  mentioned. 
(Jwing  to  the  concerted  action  <if  the  Y^\^^^\  I'ntduc 
tir)n  Department  and  of  the  Hoard  of  Agricultun- 
no  trouble  has  been  encountered  in  gettitig  tlr- 
farmers  to  use  this  slag,  and  as  the  demand  (ontinu«-.> 
to  be  much  in  e.\cess  of  the  supply,  there  is  litll  • 
doubt  that  the  further  increased  pioductioii  fore 
casted  for  the  coming  year  will  be  reatlily  absorbefl. 
In  view  of  the  enormous  estimated  annual  pro- 
duction of  open-hearth  slag,  750,000  tons  or  more, 
the  above-mentioned  increase  may  not  appear  to 
be  very  great,  but  it  must  be  borne  in  minti  th 
much  of  it  is  of  far  too  low  a  grade  to  bear  the 
costs  of  handling,  milling  and  tians|)ortation, 
especially  at  the  piijsent  time.  Seven  per  cent, 
total  phosphoric  acid  is  now  regarded  as  the 
minimum  payable  grade,  but  in  point  of  fact  no 
slag  cfintaining  less  than  8%  is  now  being  utilised. 
Moreover  the  production  nf  open-hearth  basic  ste  . 
in   this   country    is   continually   fin    the    increase. 

That  the  authorities  are  convinced  of  the  efficacy 
of  open-hearth  slag  is  evidenced  by  the  order 
issued  on  April  30  last.  In  the  third  schedule, 
which  gives  the  ma.vimum  prices  of  ground  basic 
slag,  the  gra^e  is  .specified  in  terms  of  total 
phosphate,  calculated  as  tri-basic  phosphate  of 
lime,  and  leferences  to  citric  .soluljility  are  con- 
spicuously  absent. 

Since  the  publication  of  the  paper  above  referred 
to,  G.  S.  Robertson  has  adduced  additional  evidence 
in  favour  of  the  contention  that  low  grade  open 
hearth  basic  slag  and  also  rock  phospliate.  when 
ground  sufficiently  finely,  are  valuable  fertilisers 
for  pasture  land,  and  that  their  efficacy  cannot  be 
stated  in  terms  of  citric  solubility.  Prof.  I>.  A. 
Gilchrist,  who  has  done  much  of  the  pioneer  work 
on  the  purely  agricultural  side,  has  recently  under- 
taken a  series  of  trials  at  Gockle  Park  to  d.'torniine 
the  relative  values  (on  poor  grass  land  and  y\\\  soil 
sown  with  wild  white  clover)  of  high  grade  basic 
slag  of  high  citric  acid  solubility  and  low  u'ladr 
basic  slag  of  low  citric  acid  solubility,  and  also 
the  effect  of  grading  up  the  latter  by  adding 
Tunisian  phosphate  to  the  contents  of  the  open- 
hearth  furnace. 

Practically  all  the  experimental  work  d.me  up 
to  the  present  has  been  performed  on  grass  land 
and  the  effect  on  arable  land  has  yet  to  be  ascer- 
tained. At  the  present  time,  however,  this  is  not 
an  urgent  matter  as  there  is  an  abundant  and 
increasing  supply  of  .superphosphate,  the  use  of 
which  has  been  restricted  to  arable  land.  There  is 
also  scope  for  experimental  trials  to  determine  the 
relative  value  of  low  grade  open-hearth  .slag  on 
different  types  of  soil,  for  there  is  some  evidence 
that  it  is  "more  effective  on  the  heavy  soils  of  the 
north  of  England  than  on  the  litfhter  soils  of  the 
south.  In  view  of  the  agricultural  renascence  which 
is    evervwheie    apparent    in    this    country,    there    is 


Tin    Journal  oi   Tin:   Chemical,  Mttalhiri/ical   aiitl  MiiiliKj    '<<>rivti/  of  Siaifli    .l/rira.     Nov. 


IIH- 


liiile  d'.ubt  that  these  investi^atiims  will  be  duly 
taken  in  hand  :  in  the  meantime  the  tact  of  out- 
standini;  importance  is  that  serious  and  successful 
efforts  have  been  made  to  utilise  a  by-uroduct  which 
was  ft.rmerly  relegated  to  the  scrap  heap,  or  used 
nierelv  as  a  road  metal." — Journal  of  tin  Soc/V^.y 
ot  C'li'mirnl  huliistn/.  May  :n.  191S,  p.  189r. 
A.    \V 

METALLURGY. 

Effelt  of  Oxygen  t  ton  PKEtiriTMins  of 
Met.^ls.— •'  Much  has  been  written  upon  the  preci- 
pitation of  metals  from  cyanide  soluticm  by  zinc. 
Wo  often  read  of  the  many  factors  that  influence 
precipitation,  such  as  zinc  surface,  purity  of  zinc, 
percentage  of  lead,  temperature  of  solutions, 
strength  of  solutions  in  cyanide  or  alkali,  etc. 
Little  do  we  hear,  however,  of  the  part  that 
oxygen    plays   in   precipitation. 

i'aldecott^  says :  '  As  the  dissolving  of  gold  is 
essentially  an  oxidation  process,  so  its  precipitation 
is  one  of  reduction.'  All  who  have  studied  or 
worked  with  cyanide  solutions  will  agree  that 
( "aldecott's  statement  is  true.  In  the  cyanide  work 
in  the  mills  of  the  Portland  (lold  Mining  Co.,  we 
have  always  found  oxygen  to  be  the  greatest 
enemy   to   precipitation. 

<  )xyijf  n  Antagoni-'tir  to  (4ootl  Pnr'ipitation. — A 
few  years  ago,  while  making  some  experiments  on 
the  effect  of  pressure  upon  the  dissolving  rate  of  gold 
from  oui"  ores,  to  prove  a  point,  I  made  some  bottle 
tests  under  vacuum  The  results  were  surprising, 
and  .showed  that  under  vacuum  practically  no  gold 
dissolved,  which  confirmed  my  belief  that  Eisner's 
equation  was  true  and  also  led  me  to  investigate 
the  amount  of  dissolved  air  carried  by  solutions 
at    atmospheric   pressure. 

The  experiment  consisted  in  partly  filling  an 
acid-bottle  with  mill-solution  and  connecting  it 
by  a  rubber  hose  to  a  vacuum  pump  When  the 
vacuum  was  suddenly  applied,  a  cloud  composed 
i>f  thousands  of  small  air  bubbles  rose  out  of  the 
.-^'(lution.  showing  fjualitatively  the  amount  of 
dissolved  air  that  was  contained  in  the  solution, 
and  also  proving  that  the  relief  of  atmospheric 
pressiire  on  the  solution  permitted  this  dissolved 
air  to  escape. 

In  studying  literature  f)n  the  subject,  we  find 
Henrys  law — '  The  amount  of  gas  dissolved  by 
a  liquid  is  proportional  to  the  nessure  to  which 
the  gas  is  subjected.' 

We  find  that  at  atmospheric  pressure,  water 
dissolve.s  from   2%   to  4%   of  air  by  volume. 

We  also  find  that  when  air  is  dissolved  by 
water,  owing  to  the  different  co-efficients  of  absorp- 
tion of  oxygen  and  nitrogen,  the  absorbed  air  has 
the  composition  of  about  35%  oxygen  and  65" 
nitrfjgen,  while  ordinary  atmospheric  air  is  about 
'21%  oxygen  and  79%  nitrogen.  Mill  solutions, 
then,  contain  not  atmospheric  air,  but  a  per- 
oxidi/.ed  atmospheric  air,  which  is  very  good  for 
oxidizing  but  very  injurious  to  the  reduction 
process  of    precijiitation. 

In  the  early  days  of  zinc-dust  precipitation,  the 
dust  was  sprinkled  over  the  top  of  a  vat  of 
solution  while  under  agitation  ;  large  quantities 
of  zinc  were  u.sed  and  the  .solution  tailing  was 
far    fro-n    what    was    desired. 

Later  Merrill's  improved  method  came  out,  the 
principal  characteristic  of  which  was  the  exclusion 
of     air     from     contact     with     the    precipitant     and 
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precipitate  during  precipitation.  Merrill's  metliod 
was  a  big  iin])r<ivenient  over  the  old  scheme,  allow- 
ing a  material  reduction  in  the  ([uantity  of  zini- 
used,  with  much  lower  barren  solutions,  and 
showed  very  plainly  the  effect  of  oxygen  in  former 
work. 

Having  had  the  sad  exiierience  of  allowing  fret- 
air  to  pass  witli  my  solution  tliroiigli  tile  precipita 
tion  press,  and  kn:)wing  that  MiMriU's  |)rocess  liad 
been  an  improvement  over  the  old  opon-vat  process, 
I  naturally  reasoned  that  the  I'emoval  of  the  dis- 
solved air  from  solution  would  be  the  means  of 
further  benefiting  ])recipitation,  providing  a 
vacuum  could  be  practically  applied  to  solution, 
prior    to,    or    during    precipitation. 

Laboratory  tests  on  the  application  of  a  vacuunr 
to  solution  before  the  addition  of  zinc-dust  con- 
firmed my  theory.  Large  tests  were  trifd 
apparatus  was  designed  that  would  continuousiy 
apply  a  vacuum  to  solution  during  its  flow  to  thi' 
precipitation  presses,  and  gradually  the  vacuum 
system  of  precipitation  worked  its  way  into  our 
mills,  with  the  result  that  the  zinc  consumption 
has  been  cut  in  half,  which  fact  is  especially  grati- 
fying to  us  during  the  war  period  with  its  prevail- 
ing  high   prices. 

Effect  of  Vacuum  Pncipitation  on  ('o/i-iumj)tii>ii 
of  I'l/anicie. — Having  been  successful  in  reducing 
the  amount  of  zinc  used,  and  as  the  price  of 
cyanide  kept  soaring,  we  decided  to  try  to  make- 
a    reduction    in    cyanide    consumption. 

A  thorough  scrutiny  of  our  former  wo*k 
revealed  the  fact  that,  for  dissolution  purposes  on 
our  particular  ore,  the  cyanide  solution  strengtli 
was  much  higher  than  was  necessary,  having  been 
kept  high  for  the  sake  of  good  precipitation.  In 
fact,  the  solution  strengths  in  our  mill  had  been 
reversed — the  strongest  solution  was  the  barren  :: 
and  this  being  u.sed  as  a  wash  on  the  filters, 
occasioned  high  cyanide  consumption.  The  higli 
strength  of  the  barren  solution  was  caused  by 
the  necessity  of  adding  lump  cyanide  at  the  head 
of  the  precipitation  process  to  insure  low-grade 
solutions    to    be    used    in    washing. 

With  the  installation  of  f)ur  vacuum  system,  we 
found  that  jjerfect  precipitation  could  be  main- 
tained without  the  addition  of  lump  cyanide,  and' 
to-day  our  mills  are  running  with  the  highest 
solution  strength  in  the  agitators,  and  not  in  the 
barren  vat.  This,  together  with  a  generally  lower 
solution  strength  in  all  parts  of  the  mill,  has 
allowed  a  material  reduction  of  cyanide  consump- 
tion. 

Table    I.    will    give    an    idea    of    the    amount    of 
cyanide  and  zinc  used  before  and  after  the  installs 
tion  of   the  vacuum   precipitation. 
Table    1.— Comparison     of    Orclinart/    and     i'acuiin, 
Prf'cipifafinn    N//-7'  //(.s. 

Tods  of     Pounds  Pounds  Pounds 
Solut'oi)      NaC!N    Zn  per    Zn  per 
Preci-      per  Ton      Ton        Ton 
liit.itfd.        Ore.       Ore.        Sol. 

503,819     0-331     0407     0174 
536,455     0-320     0-369     OIjO' 
249,988     0-175     0-191     0-084 
Years   1915   and   1916,  ordinary  zinc-dust  precipi- 
tation.    Year    1917,    vacuum    precipitation. 

Oppo.-Inf/  Action  of  Oxi/(/f-n  and  Hijdroc/cn.  — 
How  often  have  we  found,  when  working  with  zinc 
.shavings,  that  the  only  remedy  for  poor  precijii- 
taticm,  excepting  the  addition  of  lump  cyanide  U.' 
the  head  of  the" box  (which  has  its  limitations).  L- 
a  clean-up   or   redressing   of   the  box. 


12   months,   year   1915 

12   months,   year   1916 

6  nifjnths,   year  1911 


Nov.  19  IS 
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Assiiys  "f  'I"'  'flliiiMits  fmni  the  diffeient  toin- 
partments  of  ii  bnx  durinj;  a  period  of  i^oud  preci- 
pitation ^jeiu-rally  reveal  the  fact  that  eacli  cnm- 
partnieiit  in  the  series  is  doiiij^  some  work,  tliere 
lieiiif;  a  ;ri'.nliial  rediii  tioii  of  the  x.-ilm-  A  Tne 
solution  as  it  jironresses  frmn  compartment  to 
compartment. 

A  similai-  series  nt'  assays  taken  durinjj;  a  period 
when  precipitation  is  only  fair,  the  liox  liein^; 
inclined  to  y(\\je  eiratic  results,  shows  that  i\vi 
first  (•om|)artments  of  the  series  are  doinj;  very 
little  work,  the  huiden  consecpiently  beint?  thrown 
on  those  compartments  lower  in  the  .series.  A 
third  .series  of  assiiys,  taken  when  precipitation  i 
had,  i^enerally  shows  that  not  only  is  no  precipita- 
tion occurrini;  in  the  fiist  compartments,  but  that 
the  first  comnartment  is  sivinsj;  up  its  t(old,  the 
values  being  carried  to  the  lower  compartments 
and  sometimes  entirely  out  of  the  box.  Decreasing 
the  rate  of  flow  of  solution  through  the  bo.x  some- 
times helps  this  condition  and  increasing  the 
the  cyanide  strength  also  gives  temporary  relief, 
but  a  redressing  of  the  l)i)X  seems  to  be  the  only 
real   remedy. 

During  precipitation,  two  opposing  forces  are 
ccmtinually  working  :  first,  a  precipitating  force  : 
second,  a  di.ssolving  force.  The  precipitating  force 
is  a  reducing  action  and  is  caused  by  the  dissolving 
of  the  zinc,  which  creates  an  electro-motive  force 
and  evolves  hydrogen.  Nascent  hydrogen  seems 
to  be  the  active  agent  that  causes  precipitation. 
The  second,  or  dissolving  force,  is  an  oxidizing 
action,  its  strength  being  a  function  of  the  amount 
of  oxygen   carried   by  the   solution. 

Reducing  agent  hydrogen  and  oxidizing  agent 
oxygen  are  decided  enemies,  and  cannot  live 
together  in  the  same  solution.  When  nascent 
hydrogen,  caused  by  the  dissolving  of  zinc  in 
cyanide  solution,  is  generated,  its  first  work  is 
thit  of  combating  its  enemy,  oxygen,  combining 
with  it  and  getting  it  out  of  the  way.  .\fter  this 
is  done,  it  then  t.ikes  up  the  role  of  precijjitation 
and    plays    its    part. 

When  large  quantities  of  zinc  are  dissolved  and 
jilenty  of  hydrogen  is  evolved,  as  is  the  case 
when  lump  cyanide  is  added  to  the  bead  of  the 
box,  the  effect  of  oxygen  becomes  insignificant, 
but  when  the  cyanide  solution  strength  is  low  and 
very  little  zinc  is  dissolved,  then  the  oxygen  in 
solution  may  gain  supremacy  over  the  evolved 
hydrogen  and  result  in  poor  precipitation  or,  in 
extreme  cases,  dissolution  of  precipitated  gold. 
Especially  is  this  true  when  the  zinc  ha.s  been  in 
nse  for  long  periods  and  the  first  compartments 
are  rich  in  gold  and  poor  in  zinc.  A  freshly 
dressed  box  presents  more  zinc  surface  and,  in  a 
cyanide  solution  of  a  given  strength,  has  a  certain 
power  to  reduce  and  precipitate,  this  power  becom- 
ing less  and  less  as  it  does  its  work.  This  work 
consists  of  a  very  small  job  of  precipitating  and 
a  verj'  large  job  of  counteracting  the  effects  of 
oxygen  contained  in  the  air  dissolved  !n  solution. 

Why  then  allow  this  enemy  of  precipitation  to 
pass  with  the  solution  into  the  zinc  press  or  box, 
when  it  can  so  easily  be  removed  by  the  applica- 
tion  of   a   vacuum    during   its    flow? 

When  the  air  in  solution  is  removed  prior  to 
precipitation  and  the  deoxidized  solution  is  run  or 
pumped  through  the  precipitating  system,  only  the 
burden  of  precipitating  is  put  upon  the  zinc  and 
we  find,  when  this  is  done,  that  a  very  weak 
electro-motive    force    is    sufficient    to    effect   precipi- 


tation, which  means  that  one  can  operate  with 
both  weaker  cyanide-solution  strength  and  witli 
smaller  anxunits  of  zinc,  producing  a  higher-grade 
precipitate  with  less  cost  for  cutting  down  and 
refining."  -T.  li.  Cuowk,  K.M.- TrauH.  Anu-r. 
Inst.    M.lv,    Aug.,    lllIS,    p.     r.'7!>.     (H.    A,    W.) 


MINING. 
Air  Rlasts  in-  thk  Kolau  Mines.--"  .I/V  IiIukIk, 
qiKiki's  and  i-Tji/onivr  rouL-  tire  tiriiin  umd  to 
Indiriid'  t/ir  /i/itiioiiiriiit  thfit  iirriiiii iitiiii/  ftiilurf  i>t 
rork.i  iiiidi  I  iinii.-<uiil  ilniin  in  iniiiini/  I'ltirittinn'. 
Alt/iottijh  II.-' null  If  ii.-'.<„iiiilid  ivilh  ihij/  niiniln/, 
thfri'  (irc  !■  XI I  in  III  IS  tlitit  ornir  in  roninnr/ifirrl,/ 
.■'Imllow  iiiini-.<.  Tliv  piipir  ini-ifnf-i  ii  ihnrri/ilinn 
of  f/ie  {/folof/irid  fornintiiin<  and  lln  •  nir  lda^tj<  ' 
in  the  niini'.-<  of  thf  Koliir  i/n/d  fiild.  '/'/ir  raif*!" 
i)f  the   bla-itt  arr  di^rii-^ncd. 

The  Kolar  gold  field  has  been  for  a  lung  time 
the  most  important  gold-|)roducing  area  of  India. 
It  is  in  the  State  of  My.sore,  Soutliern  India,  and 
not  far  from  the  City  of  Bangalore.  The  produc- 
tive field  is  about  three  miles  long,  and  in  it  a  gold- 
bearing  quartz  vein  varying  in  width  from  1  in. 
to  over  10  ft.  is  worked.  In  some  places  the  vein 
is  highly  folded  and  the  schist  in  the  vicinity  of 
the  quartz  is,  as  a  rule,  fine-grained.  It  likewise 
shows   evidence   of   a   strained   condition. 

Di scriiition  of  the  Air  Blast <. — In  the  Kolar 
field  the  air  l>lasts  occur  in  the  (|uartz  vein,  trap 
dikes  or  the  hornblende-schist,  being  most  fre(juent 
in  the  quartz.  They  bear  a  strong  resemblance  to 
the  explosion  of  a  small  charge  of  powder  plaied 
in  the  wall  of  the  workings,  because  in  some  ca.se.* 
the  rock  blows  out  from  the  solid  face  of  the  drift 
or  stope  as  a  puff  of  rock  powder,  while  iu  others 
small  fragments  are  shot  out  with  sufficient  force 
to  scratch  and  severely  cut  the  miners.  Often  a 
continuous  crackling  and  snapping  are  kept  up  at 
the  fresh  working  face,  interspersed  with  e.xplosion.* 
like  those  of  small  detonators.  The  explosions  d  > 
not  bear  any  definite  relation  to  the  depth  of  the 
mine,  after  a  few  hundred  feet  in  depth  has  been 
reached,  and  they  are  therefore  independent  of  the 
superincumbent  weight  of  the  rock  in  the  mine 
workings.  They  have  occurred  during  the  sinking: 
of  the  large  circular  shaft  on  the  Mysore  property, 
in  very  compact  hornblende  rock,  and  less  than 
700  ft.  below  the  surface.  In  some  of  these 
explosions  large  masses  of  rock  were  blown  out 
with  loud  reports,  and  one  was  mentioned  in  which 
it  was  estimated  that  80  tons  of  rock  were  precipi- 
tated from  the  wall,  making  it  necessary  to  employ 
a  shield  to  protect  the  workmen  while  sinking  the 
shaft. 

Air  lila<tt  ItrsenihJi-  Karthqiinkrs  in  Kolar  Mini  <. 

The  term  'quakes'  has  been  employed  by  Dr. 
Smeeth  in  his  excellent  work  on  these  phenomena 
to  describe  the  heavier  shocks  which  occur  in  the 
Kolar  mines  and  produce  effects  at  the  surface  in 
all  respects  like  those  of  local  earthquakes.  In 
some  cases  these  shocks  have  been  sufficiently 
severe  to  be  felt  at  a  distance  of  nearly  four  miles 
from  their  point  of  origin.  They  have  been  destruc- 
tive to  mine  structures  and  in  some  cases  to  the 
lives  and  limbs  of  the  miners.  One  case  is  described 
by  Smeeth  in  which  a  block  of  rock,  the  weight 
of  which  was  estimated  at  half  a  ton,  was  hurled 
with  a  low  trapectory  from  end  to  end  of  a  stoj^e 
.30  ft.  in  length.  In  .some  cases  the  footwall  of 
the   vein,    which   usually   lies  on   a   slope  of   -50°  to 
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tiO^,    buckles    up    and    large    masses    peel    off    with 
considerable  violence. 

As  a  rule,  these  larger  sliocks.  or  '  quakes,'  occur 
iu  the  deeper  levels  and  in  areas  where  ci)nsiderable 
stuping  has  been  done.  They  are  particularly 
prevalent  where  quartz  pillars  have  been  left  to 
support  the  i-oof  of  the  workings,  and  they  seem 
to  owe  their  origin  partly  to  tlie  superincumbent 
load  of  rock  in  the  workings,  but  their  violence 
can  only  be  ascribed,  like  that  of  the  air  blasts,  t 
some  latent  energy  or  strain  in  the  rocks  of  this 
area. 

Ciiiios  of  thf  lihts(<. — Various  explanations  have 
been  offered  to  account  for  these  explosions.  For 
the  Hillgrove  mines  (New  South  Wales)  Jaquet. 
has  mentioned  the  following  liypothesis  :  (1)  nnjle- 
cular  strain,  (2)  occluded  gases,  (3)  compression 
due  to  intrusion  of  granite,  or  other  causes.  He 
concludes  that  the  rocks  must  be  under  great 
strain,  and.  being  unable  to  bend,  they  must  break 
-suddenly  under  certain  conditions.  He  apparently 
does  ntit  favour  the  granite  intrusion  hypothesis 
and  dismisses  entirely  the  idea  that  occluded  gas  s 
might  cause  the  explosions.  Regarding  the  air 
blasts  in  the  Pribram  mines,  in  B(jhemia,  Stefan 
states  that  '  the  conclusion  seems  justified  that  the 
ciuse  of  these  explosions  is  n<it  onlv  the  pres-^ure 
of  the  superincumbent  rock-mass,  which  is  at  right- 
angles  to  the  strata,  but  is  due  also  to  a  stress 
parallel  to  the  bedding  planes  and  to  the  axis  of 
tlie  syncline.' 

For  the  Kolar  field,  Bosworth  Smith  considers 
that  the  air  blasts  are  due  to  a  molecular  strain 
in  all  three  of  the  rocks,  trap,  schist,  and  quartz, 
and  he  likens  the  explosion  which  occurs  during 
mining  operations  to  the  breaking  of  a  Prince 
Rupert's  glass  drop,  which  is  a  mass  of  glass 
under  severe  strain  caused  by  sudden  cooling.  As 
to  the  cause  of  the  strain,  he  considers  that  the 
quartz  is  compressed  by  the  walls  of  the  vein 
through  regional  pressure,  and  not  simply  by  the 
weight  of  the  overlying  rocks,  while  the  trap  is 
under  strain  because  of  sudden  cooling  and  the 
hornblende-schist  because  of  metamornhic  changes 
wliich  have  given  rise  tf)  the  calcite,  forming 
.•stringers   through   the   rock. 

Smeeth  agrees  with  Smith  regarding  the  origin 
of  the  strain  in  the  trap  dikes,  because,  as  he 
.•^tates,  there  is  no  evidence  that  the  dikes  hive 
.•suffered  extensive  compression  since  their  solidifi- 
cation. As  to  the  possibility  that  metamorphic 
changes  in  the  schist  produced  the  strain,  Smeeth 
points  out  that  the  chief  change  has  been  the 
alteration  of  augite  to  htirnblende,  and  since  this 
cliange  is  facilitated  by  pressure,  there  is  reason 
to  suppose  that  the  compressional  strain  would  be 
lelieved  rather  than  increased.  Further,  the  com- 
pressional strains  in  the  schists  produced  by  the 
intrusion  of  the  surrounding  granite  and  the 
injection  of  the  dolerite  dike  would  be  relieved  by 
the  later  crioling  and  shrinkage  of  these  rocks,  and 
the  .strain  in  the  schists  would  be  tensional.  Regard- 
ing the  strain  in  the  quartz,  Smeeth  is  u{  opinion 
that  it  is  also  tensional,  partly  because  of  the  fact 
that  there  are  secondary  stringers  of  calcite,  quartz, 
and  metallic  minerals  in  the  reef,  suggesting  that 
the  rocks  have  suffered  sufficent  tensional  strain  to 
open  joints  and  permit  the  filling  of  these  with 
mineral  matter. 

Conclusions  Iltfjardinij  Blw<t!<  in  thf  Kolar  Field. 
— After  observing  the  rocks  in  the  Kolar  field  and 
considering      the      de.scriptions      of      the      air-blast 


phenomena  in  the  other  regions  which  have  beei> 
mentioned.  I  have  come  to  tlie  follnwing  conclu- 
sions regarding  their  origin  :  Tliey  are  due  to  a 
stress  on  the  rocks,  which  has  produced  a  strain, 
and  under  mining  operations  this  strain  results  in 
<a  violent  rupture.  In  the  case  of  the  larger  shocks, 
which  Smeeth  calls  '  quakes,"  the  violence  with 
which  pillars  ami  other  supporting  masses  give  way 
in  the  workings  under  tlie  superincumbent  load  is 
due  to  a   large  extent   to  this   internal    strain. 

As  to  the  cause  of  the  stress,  the  (uily  satisfactiuy 
explanation  is  the  application  of  pressure  resulting 
from  crustal  movements.  At  Pribram  the  blasts, 
occur  in  the  flat-lying  strata  of  the  syncline  aaid 
not  in  the  upturned  beds  in  which  the  strain  has 
been  relieved  by  faulting  and  tilting.  Tu  the 
Hillgrove  mines,  although  tiie  geological  description 
by  Jaquet  is  not  detailed,  it  is  evident  that  the 
slates  have  been  intruded  by  masses  of  granite.  Tn 
tiie  Kolar  region,  the  older  rocks,  in  which  the 
quartz  vein  lies,  are  surrounded  by  granite  and 
nipped  in  by  it  in  a  closely  compressed  syncline. 
There  thus  seem  to  be  in  all  these  fields  certain 
similar  conditions  pointing  to  the  fact  that  the 
rocks  in  which  the  blasts  occur  have  been  subject 
to  great  compressional  forces.  As  to  the  ability 
of  the  cooling  dolerite  dikes  to  produce  sufficient 
tensional  strain  to  cause  the  explosions,  this  seems 
doubtful. 

The  spheroidal  weathering  and  fracturing 
described  by  Smeeth  as  probably  supporting  this 
view  is  a  characteristic  feature  of  such  basic  rocks 
in  many  regions  and  does  not  warrant  much  con- 
sideration. The  greater  facility  with  which  the 
fine-grained  edges  of  the  dikes  will  explode  is  what 
would  be  expected  under  normal  conditions,  since 
the  rock  would  be  more  brittle  in  those  parts  of 
the  dikes,  ju.st  as  t)ie  silicified  slates  and  schists 
in  the  other  regions  described  would  be  more  brittle 
and  would  crack  up  more  readily  than  the  other 
parts  of  the  same  rocks.  Nor  does  the  tensional 
hypothesis  adequately  explain  how  the  heating  of 
the  schists  and  quartz  by  the  intrusion  of  the  later 
rocks  could  produce  tension  in  these  rocks  unless 
it  can  be  shown  that  a  complete  change  in  the 
molecular  character  of  the  rocks  was  produced  by 
this  heating,  and  such  evidence  appears  to  be  lack- 
ing. If  the  heating  converted  augite  into  horn- 
blende, the  resultant  increase  in  volume  of  over 
4%  would  cause  expansion  rather  than  tension  : 
whereas,  if  rocks  simply  expanded  by  heating  they 
would  contract  again  to  their  normal  condition  on 
cooling. 

It  also  seems  probable  that  the  crystallizing  of 
the  quartz  vein  may  have  exerted  some  expansive 
pressure  on  its  walls.  As  to  the  occurrence  of  the 
small  secondary  quartz  and  calcite  veins,  they 
may  be  accounted  for  by  torsional  movements  in  the 
rocks,  which  are  still,  on  the  whole,  under  great 
compressive  stress.  The  rocks  in  the  mines  ai-e 
not  uniformly  explosive,  and  such  an  explanation 
would  account  for  this  condition.  In  some  places 
the  rocks  have  opened  through  torsional  movernents 
and  in  others  they  have  yielded  to  compressional 
forces,  which  have  produced  the  movements 
indicated  by  the  slickensides,  while  in  still  others 
they  have  liot  been  compressed  sufficiently  to  cause 
them  either  to  shear  or  to  rupture,  and  in  these 
spots  the  potential  energy  gives  rise  to  the  blasts. 
Such  a  condition  is  particularly  likely  to  arise  in 
a  region  where  heavy  dikes  intrude  rocks  of  vary- 
ing  compressive   strength   and   brittleness. 
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1  he  t'diif  wliiili  iuin|>it'.sse.s  these  mcUs  in  ly  Ik- 
i  e  to  two  ur  inure  taiises  :  (1)  Epiro^jeiiii  move- 
ii»«-iits  in  the  earths  ciiist.  due  to  adjiistni  nts  of 
B'.resses  over  cnnsiilerahle  areas  of  the  eafth's 
cnist.  with  acconipanyint^  itjneous  activity;  ('!) 
pe-ieial  settlinjj  hacU  of  ronsicleial>le  areas  of  the 
c'lst  (luring  adjustment  after  tlie  eruption  of  large 
amounts  of  itjneous  loik  from  certain  j)oition.s  of 
l};e  crust.  Such  forces  mi'^ht  easily  obliteiate  the 
rt^ults  of  all  conti"ictio!i  and  relief  of  p.essure  in 
tfit'  rocUs  of  the  area  by  coolini;.  and  to  such  foi-ces 
.•»s  these  the  strain  producing  the  air  blasts  is 
.•tributed. 

In  this  field  a  well-ecpjipped  seisnioloij;ical 
laboratory  has  been  established  and  complete 
rtvords  of  all  shocks  are  kept.  The  effects  of  the 
h-ravy  shocks  are  similar  to  those  of  local  earth- 
<;,iakes.  Some  (pf  the  officials  at  the  mines  have 
betn  aii.xious  to  have  a  number  of  tests  made  on 
the  rocks  of  the  rej^ioii  to  determine  their  elasticity, 
crii«ihing  strength,  and  other  properties,  and  I  have 
eiideavoured  to  have  such  tests  made,  but  so  far, 
p'irtly  owing  to  war  conditions,  have  been  unable 
ft  accomplish  this  work.  " — E.  S.  Mooke. — 
F';;ine.  rin,/  and  Miniii'/  Joiiniiil.  Mav  25,  191fi, 
T     W:.     (H.    A.    W.J 


MISCELLANEOl  S 

.\ltT   OF    IXDUSTni.\L    DiStOVERY. BRITISH    SCIENCE 

-ii  THF.  FiTTRE. —  "  What  is  to  be  the  industrial 
lure  of  Britain?  Into  that  one  question  so  many 
■.hers  are  packed  that  one  could  fill  a  colunni 
with  the  mere  list  of  them.  But  when  I  went 
t.>  t<»llv  to  Sir  Robert  Hadfield,  who  is,  I  suppose, 
the  foremost  metallurgist  of  this  country,  I  was 
thinking  chiefly  of  the  future  as  compared  with 
the  past,  and  of  that  old  dependence  of  ours  on 
(•ermany  from  which  the  war  has  set  us  free. 
Shall  we  retain  that  freedom,  or  shall  we  in  the 
<oming  years  go  back  to  the  old  ways?  Have  we 
in  this  country  the  men  who  can  make  us  per- 
manently   independent    of    German    scientists?. 

■  I  have  yet  to  learn,'  said  Sir  Robert  when 
I  put  the  question  to  him,  '  that  the  German 
scientists  are  superior  to  our  own.  Germany  never 
was  ahead  of  us  except  in  the  application  of 
k.'i'iw'.edge.  There  is  no  evidence  that  t!!ernians 
are.  or  ever  were,  ahead  of  us  in  research  or 
ingenuity.  The  German  people  ai'e  very  indus- 
trious. In  the  years  before  the  war  they  proved 
that  they  were  willing  to  spend  years  of  work  on 
any  line  that  was  suggested  to  them.  They  were 
ready  to  take  any  hint,  to  follow  up  any  clue,  but 
th«-y  have   no  monopoly  of  inventive  gem  us. 

■  Their  eagerness  to  learn  has  always  seemed 
to  me  their  chief  characteristic.  I  know  that 
Krupps  kept  an  eye  on  every  periodical  in  the 
w(.rld  that  dealt  with  steel.  Their  arrangements 
were  so  perfect  that  they  could  not  miss  any 
important  fact  that  found  its  way  into  print 
anywhere.  And  that  is  how  the  Germans  scored. 
They  pressed  the  brains  of  all  the  world  into  their 
service,  and  the  curious  fact  is  that  the  world  has 
been  deluded  into  thinking  that  the  consequent 
progress  was  solely  due  to  the  superiority  of 
German  brains. 

Life  h(i.<  been  too  i'(i<i/. — "Some  of  us  knew  before 
the  war  that  the  British  had  brains  of  their  own, 
hut  it  has  needed  the  war  to  bring  that  fact  home 
to  the  mind  of  the  nation.  There  is  that  excellent 
British  Scientific  Industries  Exhibition  at  King's 
<"oilege.     It    has    been    a    revelation    to    very    many 


people.  riie\  liad  no  idea  tiiat  Bi  itihh  m  ienli^l.s 
had  achieved  so  nuicli  or  that  British  industry 
was  ca|)able  of  .so  much,  but  the  achievements  of 
our  Kcientists  are  not  new,  and  British  induhtry 
was  always  capable  of  the  things  which  it  is  |)er- 
forming  to-day.  The  fact  is  that  life  hax  been 
too  easy  f<u-  us  in  the  past.  We  did  not  take  our 
work  seriously  enough  and  we  did  not  care  if 
others  reaped  where  we  had  .sown.  Our  scientists 
made  discoveries  anri  Germany  exploited  them, 
and    was   given    the   credit    for   them. 

In  the.se  years  of  war  we  have  been  compelled 
to  learn  our  own  power,  and  that  exhibition  is 
the  proof  that  now  at  all  events  we  are  awake 
t(i  it.  Every  time  I  have  been  to  King's  College 
since  the  exhibition  was  opened  I  have  been  struck 
by  the  lunnber  of  people  in  the  rooms  and  by  the 
tare  with  which  they  study  the  exhibits.  There 
is  nothing  attractive  about  the  show.  Tiiere  are 
no  cinematograjth  displays,  nor  is  theie  arything 
in  the  nature  tif  entertainment.  But  there  are 
always  people  going  round,  studying  their 
catalogues,  asking  intelligent  (|uestions,  taking 
notes,  and  showing  the  mo.st  genuine  and  instructed 
interest. 

T/,,'  nhs,:<<t,,u  „f  Leti,i.<.—'  We  have  suffered 
in  the  past  from  the  obsession  of  letters.  Oxford 
and  Cambiidge  have  concentrated  on  letters  and 
mathematics  and  they  have  neglected  science.  It 
has  been  left  to  the  local  universities  to  rectify 
that  error  and  to  a  great  extent  they  have  done- 
it.  In  our  works  at  Sheffield  we  know  the  value 
of  the  men  who  are  trained  at  Sheffield  I'niversity. 
and  we  employ  many  of  tb.em.  The  success  of  the 
local  universities  in  turning  out  men  apt  in  scien- 
tific work  has  made  it  clear  that  we  have  in 
England  no  lack  of  the  raw  material  of  which 
scientists    are    made. 

'  But  the  trouble  is  that  there  is  so  little 
recognition  (jf  the  scientist.  We  live  in  an 
industrial  age.  Consider  for  a  moment  and  think 
what  the  world  would  be  like  if  you  took  away 
iron  and  steel.  What  would  become  of  our 
houses,  our  towns,  the  whole  fabric  of  our  life? 
The  world  of  to-day  is  built  on  a  foundation  and 
framework  of  steel,  and  the  scientist  is  the  master 
of  steel  as  well  as  of  all  tho.se  other  material 
things  which  play  a  part  in  life.  But  the  scientist 
has  scarcely  any  part  in  the  government  of  the 
country.  The  highest  placj?  and  the  greatest 
rewards  appear  to  be  reserved  for  those  who  are 
quite  definitely  not  scientists.  There  is  scarcely 
any  organization  at  work  seeking  out  and  helping' 
embryo  scientists,  and  it  has  to  be  confessed  that 
the  boy  or  girl  who  in  England  wins  through  to 
scientific  competence — to  say  nothing  of  eminence 
— does  so  in  spite  of  rather  than  because  of  our 
system  of  education. 

'  That  is  one  of  the  things  we  have  to  change. 
This  war  has  made  plain  the  importance  of  the 
scientist  even  to  those  who  in  the  past  thought 
little  of  science.  We  owe  our  favourable  position 
to-day  to  the  fact  that  there  have  always  been  in 
England  men  who  have  devoted  themselves  to 
scientific  studies  and  to  research,  very  often  with 
out  hope  of  reward,  very  often  in  the  face  of  dis- 
couragement. But  it  is  neither  sensible  nor  fair 
that  this  state  of  thines  should  continue.  If  we 
wish  to  retain  our  position  we  must  set  to  work 
deliberately  to  cultivate  our  scientists,  to  seek 
them   out  "and  to  train  them   and  to  cherish   them. 

Thf  (tr,janizuti,,u  of  Discovery.— '  ¥ov  there 
IS    nothing   accidental   about    scientific   discovery   or 
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iiiveiitiun.  Scientific  discovery  is  an  art  which  can 
he  cultivated,  as  the  hite  Dr.  CJore  showed  in  his 
wonderful  bonk.  "  The  Art  of  Scientific  Discovery.' 
Ini|iort-int  discoveries  cannot  be  made  by  rule 
alone,  but  the  process  of  scientific  discovery  can 
be  I  irgely  reduced  to  order  and  rule.  And  it  must 
be  obvious  that  the  man  who  has  been  trained 
in  the  rules  and  practice  of  this  art  is  infinitely 
more  likely  to  make  valuable  discoveries  than  the 
untrained  chance  e.xperimenter.  Discoveries  which 
win  wai-s  and  establish  a  nation's  industries  are 
not  lucky  flukes.  They  are  nearly  always  the 
results  ot  work  nlonj'  certain  definite  lines — work 
which  can  only  be  carried  out  by  men  who  have 
been   trained   to   perform    it. 

■  In  the  years  to  come  we  shall  need  all  the 
tliscoveries,  and  therefore  we  must  provide  our- 
selves with  discoverers.  British  scientists  have 
jilways  been  among  the  foremost  in  the  .  world, 
and  we  have  to  ensure  that  they  always  shall 
l»e.  And  that,  it  seems  to  me,  is  one  of  the 
great  lessons  which  the  war  has  to  teach  this 
country.  In  the  past  we  left  nearly  everything 
to  chance,  but  that  will  not  do  for  the  future. 
We  cannot  afford  to  run  such  a  risk  again,  neither 
can  we  afford  to  allow  the  Industries  wJiich  are 
our  strength  to  depend  for  their  progress  on  the 
devotion  of  the  few  or  the  toil  of  those  who  are 
so   often   unrecognised    and   unrewarded. 

■  If  we  will  do  this,  if  we  will  find,  train,  use, 
and  reward  our  own  men,  there  should  be  no 
<luestion  of  any  kind  of  dependence  on  Germany 
in  the  future  for  scientific  products,  or  any  fear 
of  ("Jerman  competition  in  the  industrial  world."' — 
H.    'L.—TIa    <>b.«  rver,   Sept.    1-5,    191S. 

Abstracts  of  Patent  Applications. 

313.18.  W.  E.  Nettle  (1),  Paul  Selby  (2),  J.  H. 
Holman  (3).  Improvements  in  packing  rock 
drilling   tools    in    drill    chucks.     10.6.18. 

This  application  is  in  respect  of  a  method  of 
making  a  water-tight  joint  between  the  chuck  and 
the  drill  shank  in  rock  drills  where  a  hollow  steel 
is  employed  for  drill  bits  and  water  passed  through 
.same. 

A  recess  is  formed  in  the  chuck,  and  a  rubber 
ring  through  which  the  drill  shank  is  passed  is 
placed  in  this  recess.  The  recess  is  made  wider 
than  the  rubber  ring,  which  can  spread  out  into 
the  recess  when  the  drill  shank  is  pushed  through 
it. 


may   be  forged   solid   on   tlie   i)iston    rod    insteail   of 
being  a  separate  piece. 


214.18.  W.  E.  Nettle  (1),  Paul  Selby  (2),  J.  H. 
Holman  (3).  Improvements  in  rock-drill 
chucks.     10.6.18. 

This  application  refers  to  a  form  of  chuck  for 
rock  drills.  It  is  proposed  to  make  the  chuck  a 
separate  piece  and  to  secure  it  to  the  drill  piston 
rod  by  a  tapered  hole  into  which  the  end  of  the 
rod   is  fitted. 

This  chuck  is  to  be  made  of  a  hardening  steel, 
and    to   be   suitably  tempered   after  machining. 

It  embodies  the  annular  groove  and  the  rubber 
ring  described  in  Patent  Specification  No.  313/18 
by  the  same  claimants. 

Slots  are  provided  in  the  side  of  the  drill  socket 
to  receive  wings  on  the  drill  shank. 

The  drill  shank  is  secured  by  a  pad  let  into  the 
head,  bearing  on  the  shank  and  on  the  wings  of 
same  and   secured  by   V    brdt   and   wedge. 

An  alternative  claim  is  that  a  chuck  as  described 


316.18.     R.     Harbottle     (1),    S.     Siverton    (2).     The 

production  or  manufacture  of  acetic  acid  from 

certain    indigenous   trees.     11.6.18. 

The  applicant   claims  a  process  which  consists  in 

placing   the   wood   after  it   has   been   dried   and   cut 

into    suitable    lengths    into    suitable    retorts    which 

are     heated     externally,     and    further    to    make     a, 

fractional     distillation     in     order     to     separate     the 

methyl    alcohol    and    acetone    from    the    acetic   acid, 

all   being   present   in   the   aqueous  solution   obtained 

from    the   first   distillation,   or  to  distil   it  only   in   a 

solution  of  milk  fif  lime  thus  obtaininu  lime  acetate. 


346.18.     P.    Poore.     Improvements    relating    to    the 
distillation    of    wood,    woody    fibre,    peat    and 
similar    carbonaceous    substances.     1.7.18. 
The  applicant  claims  a  new  method  for  the  dis- 
tillation of  wood,  peat,  etc.,   which  consists  chiefly 
in;    (1)  cutting    the    wood    into    small    pieces;    (2i 
reheating   it   to   drive   off   the   excess   moisture  ;    (3) 
the     use    of     waste     gases     for     this     purpose  ;    (4) 
external  heating  of  the  retorts  at  first,   and  finish- 
ing   the    distillation    by    admitting    .steam    into    the 
retorts.     Finally,  he  claims  a  special  apparatus  for 
carrying  out  the  above  process. 


408.18.     E.     A.     Ashcroft.     Improvements     in     the 
carbonization    of    coal    or    the    distillation    and 
cracking  of  shales,  peat,  oils,  pitches,  or  other 
carbonaceous    materials.     19.7.18. 
The  main  feature  of  the  process  of   the  distilla- 
tion  is  by   suspending  or   injecting   the   material  in 
a  fused  or  freely  mobile  salt  in  a  converter  and  by 
blowing     in     air,     or     hydrogen,     or     nitrogen     or 
ammonia    and   other   "ases. 


419.18.     C.    Turner.     Improvements  in  processes  of 

destructive   distillation.     24.7.18. 

The    applicant    claims    improvements   in   processevs 

of  destructive  distillation  of  carbonaceous  materials 

such    as    wood,    peat,    lignite,    oil    shale,    coal,    etc. 


521.17    and    171.18.     W.    INIauss.     Improvements    in 
operating     mechanism     for     centrifugal     filters. 
20.3.18. 
This    application    is    for    a    centrifugal    filter    in 
which  the  separating  and   filtering  vessel  is  formed 
of    two    hollow    cone    shaped    sections,    which    are 
firmly     held     with     their     larger     ends     forming     a 
tight    joint,    during   the    period    of    separation,    and 
which   are   capable  of   being  lowered  to  a   separate 
chamber    and    the    two    cones    opened    for    the    dis- 
charge of  the  solids,  without  stopping  the  machine. 
Means  are   provided    for  regulating  the   periodicity 
of  the   discharge,   filtering   and   charging  operations 
through  automatic  mechanism. 

Chang-es  of  Address. 


G.\7.z.\M,  J.  P.,  Ijo  5027,  Westminster  Place:    5295, 
Waterman  Avenue,   St.   Louis,  Mo.,  U.S.A. 

MiLLioAX,  J.  T.,  Ijo    Sheba  :    cjo    G.    O.   Patersoii, 
Esq.,    I'.O.    MilLsi'e. 

Vk.askv,  .1.    IT,    /o  Ran-lfontcin  ;    P.O.    Box    2413, 
Johannesburg. 
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DETERMINATION  OF  AVAILABLE  CaO  IN  THE  DIFFERENT  CL  <.^.-i 
OF  LIME   SUPPLIED  TO   RAND   REDUCTION    WORKS.* 


By   C.    A.   Meiklkjohn   (Member). 


The  object  of  the  work  embodied  in  the 
following  notes  is  to  present  as  briefly  and 
simply  as  possible  the  results  of  investiga- 
tions carried  out  at  the  Metallurgical  Labora- 
tory of  the  Rand  Mines,  Limited,  to 
determine  some  points  which  have  arisen  in 
our  experience  in  connection  with  the  deter- 
mination of  available  CaO  in  the  samples  of 
lime  supplied. 

The  method  originally  in  use  at  the 
laboratory  was,  with  slight  modification  of 
crushing  the  sample  to  -  90  instead  of  -  60, 
that  described  in  the  pamphlet  issued  by 
the  South  African  Engineering  Standards 
Committee  of  date  Januarv,   1013. 

It  is  as  follows:— 
Determination    of    "  Available    AU<'iJi)iity  " 
(CaO). 

The   sample   as   delivered 
contained    in    an    air-tight 
been    passed   through    a   30 
stated  above, 
wood    mortar 


for   analysis   is 

vessel,     having 

mesh   sieve    as 

It  is  crushed  with  a  Wedg- 

and    pestle    and    the    whole 


passed  through  a  (iO-mesh  sieve  ;  this  opera- 
tion bein?  performed  as  quickly  as  possible. 
It  is  then  placed  in  a  clem,  dry,  wide- 
mouthed  bottle  fitted  with  a  tight-fitting  drv- 
glass  stopper  so  as  to  prevent  any  access  cf 
air.  Two  gm.  of  this  are  carefully  weighed 
out  and  agitated  with  1  litre  of  a  2%  cane 
sugar  solution  (or  1  gm.  with  i  litre  of  2% 
sugar  solution).  If  a  shaking  machine  is 
available,  two  hours'  continuous  agitation 
should  be  given;  if  not,  6  hours'  intermittent 
agitation,  every  care  being  taken  to  prevent 
coagulation  of  the  lime,  in  order  that  the 
lime  and  solution  may  be  brought  into  the 
most  intimate  contact  during  this  period. 
When  the  agitation  is  finished  the  solution 
is   filtered    as    quickly    as   possible,    and    an 


aliquot  portion  titrated  with  .V '10  or  S  ■> 
acid,  using  rosolic  acid  as  indicator,  avoi<l- 
ing  delay  so  as  to  obviate  undue  exposure 
to  the  atmosphere. 

Note. — The  distilled  water  used  in  the 
above  determination  must  be  made  neutral 
to  rosolic  acid  to  counteract  the  presence  of 
dissolved  CO,. 

This  method,  though  apparently  clear  and 
straightforward,  we  found  to  be  full  of  pit- 
falls and  to  give  low  results.  After  con- 
siderable investigation,  the  following  method 
was  adopted  for  unslaked  lump  lime :  the 
same  method  was  also  adopted  for  slaked 
and  slaked  air  separated  lime,  with  some 
slight  modification  to  be  mentioned  further 
on.  The  results,  so  far,  have  been  satis- 
factory'. 

( 1 )  The    whole   cf   the   sample    is    passed 

through  a  disc  pulveriser,  and  a  rela- 
tively small  portion  taken  ?nd  ground 
fine  in  an  agate  mortar. 

(2)  Two  sm.  of  the  aeate  ground  sample 

is  added  to  a  Winchester  quart  bottle 
containing  1,000  cc.  of  2''  sugar  solu- 
tion in  distilled  water  with  suflBcient 
lime  water  added  to  neutralize  any 
CO,  present  to  phenolphthalein. 

(8)  Agitated  intermittently  for  two  hours. 
This  intermittent  shaking  means  that 
one  native  may  have  anything  from 
six  to  eighteen  samples  to  shake 
during  this  time. 

(4)  The  sample  is  then  allowed  to  stand 
overnight,  and  a  measured  portion  of 
the  clear  solution  drawn  off  without 
fihering  and  titrated  with  X'lO  sul- 
phuric acid,  using  rosolic  acid  as 
indicator. 


^7-/,;.    ,;,,,;,,•    wi/f    I,'     infrodiirrd    niul    di^ru^sion    invited    therenn.    at    th<     Fehniary    meetim/. 
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Although  there  is  nothinir  novel  in  this 
metiiofl  (f  procedure,  a  description  <  f  the 
work  carried  (  ut  may  be  of  interest. 

,li  Fine  grinditu]. — Although  j^n-indint,'  the 
sampK-  to  -00  mesh  was  considered  by  the 
Standards  Committee  to  be  sufficiently  line, 
by  common  consent  the  agate  grinding  of 
tiie  portion  of  sample  for  analysis  would 
appear  to  be  considered  advisable  if  all  the 
available  CaO  is  to  be  taken  into  solution. 
In  any  case,  the  finer  crushing  in  the  agate 
mortar  should  ensure  moi-e  intimate  contact 
of  the  lime  with  the  sugar  .solution.  It  is, 
of  course,  understood  that  no  time  is  lost 
unduly  in  the  prei)aration  and  weighing  out 
cf  the  sample,  and  that  during  this  time  it 
is  excluded  as  much  as  possible  from  con- 
tact with  the  air. 

(2)  XruiraJizing  of  CO^  m  distiUcd  icaicr 
used. — The  only  difference  here  is  the  sub- 
stitution of  jihenolphthalein  for  rosolic  acid 
as  indicator.  When  neutralizing  the  COg 
our  practice  is  to  add  two  or  three  drops  of 
an  0*5; :  solution  of  the  indicator  to  each 
test  and  neutralize  each  one  separately.  It 
has  been  suggested  that  the  presence  of  an 
indicator  during  agitation  tends  to  give  low 
results,  but  such  has  not  been  our  experi- 
ence. 

(3)  Time  of  ngitation. — According  to  the 
method  laid  down  by  the  Standards  Com- 
mittee the  time  for  agitation  of  the  lime 
sample  with  the  sugar  solution  should  be 
either  two  hours'  continuous  or  six  hours' 
intermittent  agitation.  Not  having  an 
agitation  machine,  and  wishing  to  adhere 
as  religiously  as  possible  to  the  method  laid 
down,  we,  at  first,  agitated  intermittently 
for  six  hours.  We  had  reason  to  believe 
that  this  time  was  excessive  and  favoured 
low  results.  As  a  consequence  a  series  of 
tests  were  m.ade  to  determine  the  most  suit- 
able time  of  agitation.  It  was  found  that, 
generally,  the  maximum  results  were 
obtained  with  two  hours'  intermittent  agita- 
tion, and  that  agitating  beyond  this  time 
save  low  results.  The  following  tal)le  will 
illustrate  this. 

The  solutions  were  titrated  with  deci- 
normal  sulphuric  and  hvdrochloric  acids,  the 
results  being  practically  identical  in  each 
case.  With  the  exception  of  Series  3,  where 
the  highest  result  was  obtained  in  one  hour, 
maxim.um  results  were  obtained  with  two 
hours  and  minimum  with  six  hours'  inter- 
mittent agitation. 

Amount  of  sugar  required. — 2%  solution 
of  sugar  would  appear  to  be  the  minimum 
for  2   gm.    of  unslaked  lime   per  litre.     To 


T.-VBLE   I. 


1 
No 

Lime  taken 

1 

Time  of 

Volume  of 

CaO 

of 

for  test, 

.\v;itatioii,    ' 

i;  „  Su'.;ai- 

found 

Series. 

(;rams. 

Hours. 

Solution. 

per  cent. 

1 

2 

1 

1000  cc. 

84-26 

1 

2 

n 

d(.. 

84-56 

1 

2 

2 

do. 

8470 

1 

2 

■j.i 

do. 

84  56 

•2 

2 

1 

do. 

67-62 

2 

2 

l.l 

do. 

67-76 

•7 

2 

2 

do. 

68  04 

2 

2 

Ol_ 

do. 

67-48 

2 

2 

3 

do. 

G7-50 

2 

2 

i       6 

do. 

6692 

3 

2 

:      1 

do. 

78-40 

3 

2 

i      H 

do. 

78-26 

3 

2 

2 

do. 

i     77-84 

3 

2 

2;^ 

do. 

77  42 

3 

2 

3 

do. 

75  50 

3 

2 

6 

do. 

76-30 

ascertain  this  a  series  of  tests  were  made  as 
under  : — 

T.VBLE   II. 

2  gm.  lime  to  each  test. 
Volume  of  solution,  1,000  cc. 


Weistht 

of 
Sugar, 
grams. 

Time  of 

Agitation, 

liours. 

CaO 
per  cent,  in 
unfiltered 
solutioiis 
after  stand- 
ins'  3  lio\jrs. 

OaO 
per  cent, 
in  filtered 
solutions. 

CaO 

per  cent,  ia 
unfiltered 
solutions 

.ifLcr  stand 
uigoverni 

10 

3 

79-80 

76  30 

76-30 

15 

3. 

84  28 

81-34 

SI  20 

20 

1 

— 

84-28 

— 

20 

li 

— 

8t-56 

— 

20 

2 

— 

84-70 

— 

20 

•-)! 

— 

84  56 

— 

20 

3 

83-80 

— 

25 

3 

85-26 

84  00 

84-14 

30 

1 

— 

84-28 

— 

30 

3 

85  26 

8386 

84-00 

20 

I  hr.  and 
occasion- 
ally for 
1  3  hours. 

85  54 

84-00 

84-00 

It  will  also  be  seen  that  practically  iden- 
tical results  were  obtained  when  the  solu- 
tions were  filtered  and  titrated  directly  after 
agitation  or  when  the  titrations  were  made 
on  the  clear  unfilter.-d  solution  after  stand- 
m<y,  overnight. 
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It  is  hardly  neressai'v  tn  lulu  Mir  ttic  p(jiiit 
(if  filtcrin.,'  tin-  solutions  or  allowing'  the  siiirie 
to  stand  until  |ifrt\'ctl>  c  Icar  heton-  testinj,'. 
Testing'  thi'  untihiTod  solutions  even  after 
allowijij?  to  stand  for  three  hours  f:jave 
results  as  nuioh  as  H'")'  CaO  in  excess  of 
the  true  value  of  the  sample. 

Efjcci  of  filter  paper  on  CaO  in  sohiiion. 
— .\lthouf?li  tlie  adsoiptive  effect  of  filter 
paper  on  alkaline  solutions  is  f  lirly  well 
known,  the  effect  of  ^ame  on  CaO  in  supiar 
solutions  is  jierhaps  not  so  well  known.  We 
found  that  the  amount  of  solution  re(|uired 
to  saturate  a  filter  paper  before  takini^  por- 
tion for  testin>j;  varies  with  the  size  and 
make  of  the  ])aper,  some  papers  requiring 
considerably  more  tluui  would  have  l;een 
expected. 

T.ABLE  III. 


No.  of 
Series. 

Weight  of 
sample 
taken. 

Order  of  test  and 

volunie  of  solution 

taken. 

CaU  foiiiiil 
per  cent. 

1 

•» 

(1) 

50  cc. 

70  2c< 

1 

2 

(•^) 

100  cc. 

7070 

1 

2 

(3) 

50  cc. 

71-26 

2 

2 

(1) 

50  cc. 

70-00 

2 

2 

iV 

100  cc 

70-42 

3 

1-4 

(1) 

100  cc. 

70  20 

3 

14 

{■>) 

50  cc. 

7080 

3 

14 

(3) 

100  cc 

71  00 

3 

14 

'4) 

50  cc 

7080 

4 

1-4 

(1) 

100  cc. 

70-20 

4 

I  4 

(-') 

50  cc. 

7  1  -00 

4 

14 

(3) 

100  cc 

70  80 

4 

1-4 

(-i) 

50  cc. 

71  UO 

The  above  werr  all  made  on  1,000  cc.  of 
2  ;  sugar  solution. 

Time  of  agitation,  three  hours. 

After  agitation  tbe  solutions  were  filtered, 
the  first  50  cc.  being  rejected,  and  succes- 
sive portions  taken  as  above  for  testing. 

It  will  be  seen  that  dit^erenees  up  to  1 
were  obtiined  on  titration  of  successive 
portions  from  the  same  solution,  the  differ- 
ences being  greater  with  the  later  portions 
of  the  solutions.  The  filter  papers  used 
were  30  cm.  diameter,  and  't  would  appear 
that,  with  a  paper  of  this  size  and  make,  at 
least  250  cc.  of  the  solution  should  be 
allowed  to  pass  through  the  pa))er  before 
taking  the  portion  for  testing. 


M<',lif}C(ili(,n  iif  nirihnil  leilh  nUihed  tnnl 
(in-separated  linus.  As  pn-viously  lycii- 
tioiied,  a  modification  of  iho  fori  im'ntioncd 
method  is  used  in  testing  samples  of  slaked 
and  air-separated  limes.  The  modification 
lies  in  the  treatment  of  the  sample  before 
taking  the  portion  for  assay,  as  follows: — 

"  The  top  layer  of,  say,  1  in.  is  removed 
from  the  sample  and  rejected.  The  l)alance 
of  the  contents  of  the  tin  is  rapidly  and 
evenly  spread  on  a  sheet  of  paper,  sampled 
with  a  spatula  and  a  j)ortion  for  assay 
ground  in  an  airate  moitar  to  reduce  tlx- 
coarse  particles." 

It  may  be  suggested  that  this  is  an 
unnecessary  refinement,  and  that  the  slaked 
and  air-separated  limes — particularly  the 
latter — are  sufficienth"  finely  divided  to  sam 
pie  directly  from  the  tin.  This  may  be  so 
under  certain  conditions,  but  we  hnve  found 
that  with  samples  submitttid  to  us  iupricatj- 
tests  by  sampling  directly  from  the  tins  gav-^ 
results  varying  by  as  mufb  n^  •'^■2%,  as 
shown  below  : — 


Siimple      Sample  |   Sample  !  Sample 
No.  1.         No.  2.         No.  3.         No.  4. 


Original  result...     55  2       54-9       48  5       46  0 


liejjeat   1 


496 
470 
47  9 


55-2       53-2       50  1 

50  1        —  — 

51  -3       55-5 


It  was  evident  that  some  method  of  sam- 
pling less  open  to  criticism  would  have  to 
be  adopted,  and  to  this  end  comj)arative 
tests  with  ditt'erent  methods  of  sampliiu^ 
were  carried  out  on  a  sample  of  "  Taungs  " 
air-separated  lime.  As  a  preliminary,  the 
top  layer  of  about  1  in.  was  removed  and 
rejected,  and  the  balance  of  sample  treated 
as  under : — 

((/)  Sample  dipi^ed  directly  from  towards 

bottom  of  tin.     No  grinding. 
lb)  Mixed  in  tin.      Hole  made   in  centre. 
Sample  taken  from  side  of  hole  and 
ground  in  agate  mortar. 
(c)   Contents  of  tin  spread  out  on  paper. 
Sample      taken     with     spatula     and 
ground  in  agate  mortar. 
((/)  Balance    of    sample    pa.ssed    through 

disc  pulveriser. 
Four  determinations  were   made  in  each 
series.     The  results  were  as  follows : — 


88 


The  Journal  of  The  Chcmicql,  Mvtallurijical  and  Mining  .Society  of  Sottth  Africa.     Dec.  191 


1 
2 

3 
4 

Average 

Max.  diflferencf 


la) 
Per  cent. 

(b) 
r«r  rent. 

(01 

Per  cent. 

50-4 

49  9 

499 

49  9 

48  5 

48  -2 

47  4 

47  9 

49  0 

468 

47  1 

00  li 

4S  7 

4S-4 

49-3 

15  6 

•2-8 

20 

..I) 

Per  i-enf. 


The  mosc  concordant  results  are  obtained 
from  c)  and  d  ,  and  of  these  (c)  possibly 
lends  itself  to  less  abuse  than  (d). 

A  number  of  additional  tests  were  made  to 
further  investigate  the  effect  of  passing  these 
slaked  and  air-separated  limes  through  a 
disc  pulveriser ;  also  the  time  of  agitation 
necessary.  We  invariably  found  (1  that  the 
CaO  content  was  lower  after  passing  the 
pulveriser  and  (2)  that  samples  of  white 
slaked  limes  from  Taungs  required  longer 
time  of  agitation  than  the  Northern  slaked 
limes.  As  a  result  of  this  and  the  work 
previously  described,  the  forementioned 
modification  was  made  with  two  hours' 
intermittent  agitation  for  "  blue  "  and  three 
hours  for  "  white  "  slaked  and  air-separated 
limes. 

Much  of  the  work  described  in  the  fore- 
going may  appear  to  have  been  unnecessary. 
We  have  had  to  investigate,  however,  prac- 
tically every  step  to  determine  the  cause  of 
tho  low  results  obtained  when  using  the 
method  described  bj'  the  Standards  Com- 
mittee and  which,  by  the  way,  does  not 
appear  to  be  followed  generally  by  the  local 
analysts. 

In  conclusi  n,  it  would  appear  that  the 
main  points  to  emphasize  in  connection  with 
the  estimation  of  available  CaO  in  lime 
samples  are  : — 

(1)  Sampling  of  slaked  and   air-separated 

limes. 

(2)  Time  of  agitation. 

(S)  Treatment  of  solution  after  agitation. 

According  to  our  experience  the  most  con- 
sistent results  are  obtained  with  two  hours' 
intermittent  agitation  (three  hours  with 
Taungs  slaked  limes)  followed  by  settlement 
overnight  before  titr.Rtion.  If  it  is  necessary 
to  titrate  the  solution  directly  after  agitation, 
care  must  be  taken  that  sufficient  of  the 
solution  is  passed  through  the  filter  paper 
before  taking  the  portion  for  titration. 

The  points  raised  in  this  paper  are  simple, 
and  doubtless  are  well  known  to  manv  of 


the  members  of  the   Society  ;   but  they  are 

not  well   known  to  all,   and  the  writer  will 

be  glad  if  these  notes  are  found  to  be  useful 

to  those  engaged   in  or  respon.sible   for  the 

valuation  of  lime  for  commercial  purposes. 
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lurgical and  Minim/  Soclrfi/  of  S.A.,  Vol.  8, 
p.   37. 

E.  H.  Croghan,  Journal  of  the  <'h<?/iicid,  Metal- 
lurgical and  Mining  Soriitij  of  S.A.,  discus- 
sion,  Vol.    8,   pp.    84,    122.    145,    183  and   206. 

Gray  and  Moir,  Journal  of  (he  Chemical,  Metal- 
liirgic/d  and  Minin'/  Sorirfij  of  >'..-!.,  Vol.  13, 
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A.  M.  Merton,  Journal  of  the  Chenwcd,  Metal- 
lurgical and  Mining  Society  of  S.A.,  Vol.  14, 
p.    32:3. 

Mr.  Fred,  Wartenweiler  (M  ember  r,f 
Councih:  Althougli  .Mi-.  Meiklejohn's 
paper  i.-;  on  a  ratlier  old  subject,  and 
one  whieli  lias  l)et'n  the  subject  of  a 
great  deal  of  discussion  by  the  members 
of  this  Society  as  disclosed  by  the  biblio- 
Siaphy,  it  appears  to  me,  it  will  prove 
of  value  to  those  who  are  purchasing  lime 
by  the  "  available  CaO  unit  "  basis.  These 
sort  of  investigations  involve  an  amount  of 
work  and  time  usually  unappreciated  by  the 
casual  reader  and,  I  tliink,  we  are  consider- 
al)]y  ir.deb  ed  to  ]\Ir.  Meiklejohn  for  his 
labours  and  for  further  light  on  the  subject. 
The  aim  which  he  has  in  view,  the  agree- 
ment among  lime  suppliers  and  analj'sts  on 
a  iniiform  method,  based  on  experience,  is 
to  be  applauded.  I  say  "  based  on  experi- 
ence," because  I  believe  that  the  method 
which  gives  consistent  results  by  actual 
experience,  which  avoids  the  pitfalls 
mentioned  in  the  paper  and  which  decreases 
or  stead'es  the  personal  error,  which  to  the 
best  of  my  knowledge  exists  in  all  available 
lime  determinations,  should  be  adopted. 

Obituary. 

Mi:.  Ti.  P.almkr  Cahtkk,  E.M. 
It  is  with  profound  regret  the  deatli  from 
heart  failure  is  recoided  of  Mr.  Benjamin 
Palmer  Carter,  the  Manager  of  the  Robinson 
CJcld  iMining  Co.,  Ltd.  For  a  number  of 
years  the  deceased  had  not  been  in  robust 
health,     and    about    a    vear    or    so    ago    he 
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survived  n  serious  attack  of  pneumonia, 
eoupK'd  with  tlic  di-case  whicli  claimed  his 
liir  tn  thf  Ith  I  )eccnil)ci-.  Mr.  Palmer 
Caiti'i,  wlio  was  hoiii  in  New  York  4()  years 
a.t:i>,  had  l)een  on  tlit'  Hand  some  2;5  years, 
and  had  occujned  various  positions  on  the 
Crown  Deep  and  the  Langhiagte  Deep, 
hecomin<,'  Manager  of  tlie  Ferreira  Deep 
after  the  South  African  war,  and  for  the 
hist  seven  years  liohling  the  jiosition  of 
Managei'  of  the    Hohin. on   .Mine. 

Mr.  Carter  joined  the  Society  as  a 
mend)er  in  April,  1008,  was  elected  a 
Mend)er  of  Council  in  June,  lOOH,  becoming 
Vice-President  in  190").  after  which  pressure 
of  other  duties  prevented  him  from  agaiu 
taking  an  active  interest  in  the  Society's 
work,  although  contributing  to  the  discus- 
sions on  various  papers  on  several  occasions. 
The  Society  was  ofticially  represented  at 
the  funeral,  which  was  largely  attended,  at 
Brixton  cemetery  on  the  6th  December,  by 
the  President  and  Secretary.  The  deepest 
sympathy  of  the  Society  has  been  conveyed 
to  his  wife  and  children  and  his  sister  (^Iis. 
Otto   Beit)   in   their  bereavement. 

^Ir.  Carter  was  predeceased  by  his 
brother,  Mr.  T.  Lane  Carter,  who  was 
ecpially   well  known  on   the  Rand,   in   1912. 


Mh.   John   ^ilcPuKusoN   Campbell. 

The  death  is  recorded  with  deep  regret 
of  Mr.  J.  :\r.  Campbell,  :Mill  Foreman  at 
the  Robinson  Deep,  Ltd.,  on  the  13th 
December,   from   intluenza. 

Mr.  Campbell,  who  was  46  years  of  age, 
joined  the  Society  in  December,  1909,  and 
was  a  careful  and  conscientious  v.orker, 
highly  esteemed  by  his  colleagues. 

REPORT    OX    ECONOMIES    IN    MINING 
ENGINEERING    SUPPLIES. 

During  the  year  1916,  the  tightening  up  (if 
restrictions  in  England  on  the  export  of  supplies 
for  the  mines  made  it  imperative  that  concerted 
action  should  be  taken  regarding  economies  to  be 
practised  on  tlie  mines  and,  where  possible,  have 
substitutes    for    imported    articles    made    locally. 

Previous  to  that  year  the  large  local  stocks  of 
necessary  engineering  supplies  had  not  made  the 
matter  so  urgent,  but  certain  economies  and  useful 
ideas  were  being  devehiped  on  individual  mines, 
and  it  was  evident  that,  providing  a  free  circula- 
tion of  this  information  could  be  accomplished,  the 
mines  of  the  group  would  be  greatly  benefited. 

Many  interesting  and  unique  devices  in  connec- 
tion with  machinery  on  mines  were  evolved  by 
various  engineers,  and  it  was  felt  desirable  to 
summarise  the  many  economies  which  had  been 
effected. 

The  following  is  a  list   of  the   principal   items  : — 


MILL    PARTS. 

1.    Ste.ms  : 

Stems  are  made  on  many  mines  from  old  cam- 
shafts or  by  faggoting  up  three  ohl  stems,  at  a 
cost  averaging  about  £.'J.  Stems  are  also  repaired 
by  welding  on  any  suitable  scrap  material.  Many 
mines  report  tliat  one  or  other  of  these  ideas  ha.s 
long  been  practised. 
•2.    Cams  :' 

\ew  Moddi  rf(>ntiin.  —  \\\,\\\  cams  are  brought  up 
to  shape  by  welding  on  pieces  of  rail  or  drill 
steel,  at  a  cost  of  about  £2   10s.   per  cam. 

Thf  Kniijht  Cfntrn!  fuller  up  the  cams  and,  when 
necessary,  weld  in  a  piece  of  drill  steel.  The  co.st 
is  stated  to  be  £1   per  cam. 

Many  mines  are  putting  this  process  into  practice. 

Ferreirii  Ihip,  Lin,  it  id. —Draw  out  old  worn 
cams  from  root  to  standard  size.  In  practice 
prior    to    war. 

Crown  Mine<,  Limited.  —  Have  made  up  a  few  by 
quasi-arc,  fir-st  results  not  good,  could  be  improved. 

3.  Heads  : 

Firreira  Deiij,  Litiiitrd.—\\hen  badly  worn  in 
socket  are  heated  up,  compressed,  re-bored,  and 
put  again   into  commission. 

4.  Shoes  : 

Several  methods  are  being  tried  for  replacing 
broken   shanks  on   shoes. 

Xeiv  Moddfrfontein  weld  a  worn-out  shoe  on  to 
the  broken  one.  This  is  economical  if  the  weld 
holds,  but  definite  information  on  this  point  is  not 
yet  available. 

A  more  usual  method  is  to  draw  a  new  shank 
out  of  the  shoe  under  hammer,  whicli  makes  a 
satisfactory  job,  nt)t,  however,  invariably  success- 
ful, variation  in  quality  of  steel  sometimes  causing 
the  shoe  to  split.  It  is  stated  two  hours  are 
required  to  form  a  new  shank  like  this,  so  the  cosf< 
would  be  about  10s. 

Iio<e  Dei  p  bore  out  shoe  and  .shrink  in  a  mild 
steel  shank  at   a  co.st  of   about   £1. 

Another  mine  converts  old  tappets  into  shoes  by 
welding  on  a  shank. 

5.  Dies  : 

It  is  now  general  practice  to  make  dies  by 
cutting  an  old  head  in  two  and  filling  holes  witli 
shoe   shanks.     This   costs   about    los.    for   two   dies. 

6.  Cam   Shafts  : 

Witw(ifer<rand  D'ln,  Limited,  make  cam  shafts 
of  five  stems  faggoted  up  together.  Other  mines 
weld  up  broken  cam   shafts,   with   varying  success. 

7.  Blan'tox  Gibs  : 

Crown  Mine",  Limited,  has  found  a  gib  with 
feather  on  key  much  superior  to  the  gib  with  two 
pins.  The  holes  for  pins  are  frequently  drilled 
too  deep  and  become  a  source  of  weakness  in  cam 
shafts.  The  keyway  would  appear  to  add  50% 
to  life  of  cam  shafts. 

Ferreira  Deep,  Limited. — All  pin-holes  in  cam 
shafts  are  drilled  in  fitting  shop  to  gauge  i  in. 
deep,  by  using  flat -faced  drill  with  sleeve  on  to 
prevent  possibility  of  drilling  too  deep,  therefore 
consider  cutting  key-ways  and  fitting  key  an 
unwarranted   expense. 

8.  ^Mortar  Box  Liners  : 

At  the  Crown  ^[ines,  Limited,  mortar  box  liners 
are  made  from  old  cam  shafts,  at  a  cost  50%  under 
imported  ones.  Similar  liners  are  being  made  on 
some  of  the  mines  from  old   dies. 

9.  Wood  Gl'ides  : 

In  connection  with  the  n-actice  of  re-boring 
wood    stem    guides,    the    Kni3:ht    Central,    Limited, 
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find  it  pays  to  buy  extra  thick  timber  for  the 
outside  guides.  In  this  mill  tlie  inside  ijuide 
against  the  girt  cannot  be  more  than  t  in.  thick, 
but  the  outer  one  can  be  4^  in.  This  extra  ^  in. 
gives  a   much  longer  life  to  half  the  guides. 

/■'irrriro  D"  li,  Liiiiitnl.  —  Practice  on  mine  to 
st:ut  guide  with  %  in.  liner  between  halves,  and 
as  holes  wear  the  liner  is  reduced  until  they  come 
face  to  face.  %  in.  is  then  cut  away  from  the 
face  of  each  half  of  guide  block  and  restarted 
with  a  %  in.  liner.  Same  procedure  carried  out 
until  blocks  are  completely  worn  out  ;  any  odd 
hole  wiirn  out  of  proportion  is  lined  with  raw  hide 
liner.  By  this  method  get  an  average  life  of  seven 
years.  Cither  mines  adopt  similar  methods  for 
economies    in   guide   blocks. 

l'ri>u-n  Minv.^,  Liiniti'd. — Reduced  our  bill  by 
lining  guides  with  discarded  leather  ("  Hendry  '") 
belting.  Leather  lining  is  not  a  new  idea,  but 
tacking  on  strips  is  novel,  having  advantage  of 
enabling  shape  of  bo.\  to  be  maintained.  Still 
further  improved   by  battery   screening. 

10.  Boilers  : 

An  interesting  boiler  repair  job,  which  saved  the 
company  an  expenditure  of  £3(iO  on  the  boiler 
tube.*,  was  carried  out  at  the  New  Heriot  (lold 
Mining  Company,  Limited.  Through  removal  for 
cleaning,  the  tubes  of  an  F.  &  ('.  boiler,  104  in 
number,  had  worn  out  at  the  ends.  By  cutting 
2  in.  off  each  end  of  these  tubes  and  4  in.  off  the 
boiler  shell,  all  these  tubes  could  be  used  again. 
Tlie  whole  job  cost  £60. 

A'//>7  Itiind  I'mftr'n  liinj  Mini.--^  Limited. — Method 
new  to  mine,  but  do  not  approve.  It  is  practice 
to  cut  and  weld  tubes  to  suit  the  boiler  and  con- 
sirler  this  better  method.  Welding  tubes  in 
practice  on  mine  since  war  started. 

(roun  MiitC'?,  Limited. — Shortening  of  boilers 
ha.s  been  in  practice  with  Sterling  boilers  in  order 
to  make  further  use  of  tubes,  also  being  done  to 
facilitate   transport. 

11.  Bye-P.\ss  Valve  : 

A  bye-pass  valve  for  Sulzer  pumps  is  made  by 
Ml.  Hird,  DiitIkiii  Itaodeitoort  JJiep,  Limited, 
which  eliminates  the  wasting  of  the  whole  of  the 
valve  casing  when  the  .seats  are  grooved 

The  seating  and  valve  can  be  renewed  without, 
breaking  any  joints  except  the  top  cover,  and  can 
be    changed    with    valve    in    position. 

R'lljin-ioK  <!(>ld  Mininij  ('omiKUti/,  Limitrd. — 
Designed  one  last  year  of  simple  type — doing  well. 
Suggest  making  seat  removable  in  way  t(j  save 
bringing  to  shops.  Then  alter  dimension  a  little 
so  valve  could  ije  renewed  by  taking  off  cover 
only. 

Kniijht  Central,  Limited. — Great  economy  has 
been  effected  by  placing  a  worn  valve  outside  the 
good  bye-pass  valve  by  closing  the  worn  valve 
first.  This  has  the  effect  of  balancing  the  jiressure 
when  closing  the  inner  vaKe.  The  life  of  valves 
is  greatly  prolonged  for  the  cutting  effect  of  water 
under  pressure  is  greatly  reduced. 
\'l.    Charging  Sticks: 

K(i<t  Rand  I'roprietarij  Mine.<,  Limited. ^Uuve 
locally  made  machine  of  revolving  tube  carrying 
LW!>  cutter  blades.  Sticks  squared  and  passed 
through  centralising  guide  slot  on  to  cutter  blades, 
etc.  Operation  both  simple  and  efficient.  Is  a 
valuable  economy.  Have  made  charging  sticks 
ijv  machine  before  the   war. 


13.  Crushers  : 

liantjes  Con.foliduted  Minvf,  Limited. — Carried 
out  an  economical  repair  job  on  a  30  in.  x  I'i  in. 
Hadfield  crusher.  The  engineer  made  a  pair  of 
case-hardened  toggles  from  cam  shaft  at  a  cost  for 
labour  of  £3  5s.,  which  allows  an  nninie  margin  for 
power  costs,  etc.,  compared  witli  tlic  imported 
l)rice   of   £9   10s. 

From  similar  material  a  wedge  bloi'k  toggle  seat 
for  30  in.  xl2  in.    Hadfield  cruslier  has  been  made. 

Ferreira  Deep,  Limited. — F.  &  C.  or  Hadfield's 
10  in.  x20  in.  and  12  in.x30  in.  All  toggles  when 
worn  badly  reformed  cost  of  8s.  eacii.  Broken 
toggle  blocks  replated  by  M.S.  ones  made  on  mine, 
also   back   wedges   for   fixed   jaw   faces. 

Ea^t  Hand  Proprietary  Mine.<,  Jjimited. — Have 
made  wedge  blocks  and  toggle  seats  from  this 
material.  Making  crusher  j  arts  from  old  cam 
shafts  or  suitable   scrap  valuable   economy. 

14.  Drill   Steel  : 

There  is  great  acli\ity  in  the  collection  of  old 
drill  steel  from  surface  and  underground  workings, 
and  the  quantity  forthcoming  is  remarkable.  All 
this  odd  steel  is  welded  up  and  the  economy 
effected  is  reflected  in  the  greatly  diminished  call 
for   new   steel. 

The  V  nia<je  Main  Rief  Gold  Miiiiiu/  (  'dih  jki/ii/, 
IJmited. — Have  done  very  good  work  in  making 
drill   steel  from   scrap. 

W  itwater-irund  Deep,  Jjimited. — I\Ieth(j(l  of 
faggoting  up  odd  bits  of  steel  to  make  drills  is, 
I  believe,   novel  and   certainly  excellent. 

Ferreira  Deep,  Limited. — Has  done  well  with 
scarfing  and   finishing  tools. 

City  and  Suburban  Gold  Minin(i  and  Fsfaf'' 
Company,  Jjimited. — Has  been  welding  old  hand 
steel  and  hollow  steel  in  Tregaskis  furnace  with 
good   result. 

15.  Welding   Steel  : 

Considerable  variation  in  practice  obtains  on  the 
mines  in  regard  to  welding.  Some  smiths  adopt 
scarfing  in  varying  degrees,  others  lap  welding, 
others  again  are  trving  the  butt  weld 

Bantje.-t  Consolidated  Mine-'<,  Jjimited. — Scarf  and 
weld  all  machine  and  hand-drill  steel.  Hand-drill 
steel  welded  under  rock-drill  hammer.  Macliinc- 
drill  steel  welded  under  steam  hammer. 

16.  Welding    Drill    Steel  : 

The  Ferreira  Deep,  Limited,  has  devised  the 
method  of  scarfing  steel  in  Leyner  sharpener.  By 
this  method  it  is  stated  one  man  can  scarf  2,000 
pie;'es  per  shift  as  against  about  200  using  the 
anvil.  The  welding  up  is  done  under  a  rock  drill 
hammer,  the  anvil  having  a  V  groove  to  keep  steel 
in  place.  It  is  believed  that  300  welds  of  solid 
steel   can   be   done   per   shift. 

There  is  the  Holnian  machine  for  removing  any 
burr  on  hand-drills  after  sharpening.  When  the 
drill  is  thrust  against  dollie,  air  is  automatically 
turned   on   into  ctperating  cylinder. 

17.  Welding   Hollow   Steel  : 

Several  methods  are  in  vogue  for  welding  hollnw 
steel.  It  is  difficult  to  say  which  is  the  best.  The 
six  point  dollie  for  scarfing  is  perhaps  that  most 
likely  to  secure  a  strong   weld. 

Fja.^t  Rand  Proprietary  Mine.'t,  Limited. — Weld 
hollow  steel  and  u.se  scarf  weld  for  "Leyner" 
.steel  and  Ba.sket  welding  for  "  Hydromax," 
"Atlas"  and  other  similar  machine  steel  Best 
type  of   weld   is  matter  of  opinion. 
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l.s.    AIakim;    1)1111.1.    Stkkl  : 

'I'hv  Viltiiijf  Main  li'ii-j  C'li/il  Miiilnij  ('lu/i/iiiiii/. 
Liiiiitiil,  lia\  I'  liei'ii  very  .siu'ci'ssfiil  willi  ^  in. 
Ii, 111(1  .stoi'l  ni;i<lt'  from  slioo  sliaiik.s.  'I'lu-  .shank  is 
|iiiiulu'(l  Diit  lit'  the  shut',  heated  anil  drawn  iiiii 
under  haniiner.  One  smith  can  make  from  JOO  lit. 
I  )  'JKI  II).  of  steel  j)cr  shift,  eostiny;  'M\.  \\vy  lb.  and 
;:li:iiit  '2  tons  of  this  steel  is  used  per  nioiitli  on  thr 
\illai!;e    Main    Reef. 

In  temperiiif^  only  g  in.  to  4  in.  of  the  drill  tij) 
is  put  into  water  whieh  is  kept  at  about  'J00°.  Mine 
water  was  found  to  affeet  temperin<r,  and  water  for 
this   purpose    is   eoUei-ted    from    steam   traps. 

The  appearance  of  this  steel  makes  it  easy  to 
snrt   out    from    steel    reciuirin^    different    temperino;. 

('it  11  Dei' I),  Liinitid,  have  made  drill  steel  fr(<ni 
wire  rope,  giving  the  cost  at  3d.  per  lb.  At  date 
this  has  not  been  extensively  used  on  the  mine, 
and   furtlier  lesults  are  awaited. 

/■'iiri'ini  Dt'i  I),  Liii>i/ifl.  have  made  I  in.  drill 
steel  from  old  grizzley  bars,  at  a  cost  of  about  '2d. 
per  lb.  It  is  stated  that  this  steel  tempers  verv 
well. 

Wifu-titi  isriDitl    Dee  I),    Limited,    is   making    drills 
by  faggoting  odd   bits  of  drill   steel  from   3   in.    to 
(i  in.   long. 
1!).    Shanking   J.vlk    H.\.m\ier    Steel  : 

(.'itji  and  Xitlnnhan  (iold  Minim/  and  l-j<tiite 
Conijuiny,  Limited,  have  devised  an  excellent 
machine  for  shaidcing  hollow  Jack  hammer  steel. 
This  consists  of  a  spindle  on  which  are  mounted 
two  12  in.  diameter  hardened  steel  cutters,  kept 
apart  by  a  distance  piece,  and  having  teeth  cut 
on  the  inner  faces  with  a  bull-nosed  chisel.  The 
discs  revolve  at  1,0P0  to  1,500  revolutions  per 
minute,  and  the  steel  to  be  squared  is  heated  and 
thrust  between  them.  The  widtli  of  distance  piece 
between  discs  determines  the  size  of  s<|uare  cut  on 
steel,  and  the  diameter  of  the  distance  piece 
relative  to  12  in.  cutters,  determines  the  length 
of  square,  the  distance  piece  forming  a  stop  for 
the  steel.  Two  men  and  four  natives' with  use  of 
furnace,  hot  mill  and  Leyner  sharpener  do  200 
shanks  in  eight  hours.     Cost  per  shank,  aViout  5d. 

]in.<i'  Dtep,  Limited. — Suggestion  is  new-  one,  but- 
our  present  system  of  jumping  these  shanks  appears 
to  be   nuuh    more  economical. 

Kn<t  Rand  Proprictnri/  Mines,  Limited. — End  is 
heated  and  punch  put  in  the  hole.  End  drawn  up 
to  gauge  under  hammer,  dressed  and  tempered. 
For  Leyner  drill  steel  have  a  machine.  Any 
successful  method  of  shanking  by  machine  better 
thin  drawing  down  under  hammer. 
2(1.    Su.vNKiNG    1    IN.    Hexagon    Steel  : 

L(in</Iinii//e  Di  e p  has  a  good  method  of  shanking 
1  in.  hollow  hexagon  steel,  which  unless  squared 
is  apt  to  slip  round  in  the  rock  drill  chuck.  The 
steel  is  jumped  up  inside  a  jig  to  Ig  in.  diameter 
and  then  scpiared  to  1  ^,  in.  in  the  Leyner  sharpener. 
While  squaring  air  and  water  are  blown  through 
the   steel   which   prevents   the    hole   in   steel   closing 

M>i.<t  Hand  Proprietanj  Mines,  Limited. — For 
1  in.  steel  practice  to  jump  or  stave  up  the  end. 
End  then  drawn  down  to  gauge  and  finished  off 
similar  to  Jack  hammer.  Any  successful  method 
of  shanking  by  machine  superior  to  drawing  down 
under  hammer. 
21.    Flanges  : 

Excellent  flanges  drop-forged  in  one  heat  are 
being  made  by  the  Wolhuter  Gold  Mine---,  Limited, 
of  scrap  plate,  in  all  sizes  up  to  12  in.  bore.     The 


healed  jtlalc  ot  the  iec|uired  llange  diameter,  with 
the  hole  in  centre  proportioned  to  the  ilepth  of 
llaiige  collai'  re(|niri'd,  for  screwing  or  rivetting,  is 
placed  on  a  die  and  doilie  driven  into  the  centre 
under  hiimniei'. 
2'2.     FritNA'Es  : 

'l"he  necessity  for  a  good  soaking  heat  in  working 
up  scrap  led  to  the  engineer  of  the  CiVy  and 
SiihiirlKiii  (I'lilil  Minim/  and  l>jKl<ite  ('omptini/, 
Limiletl,  tlesigning  a  furnace.  A|)art  from  its 
utility  i)i  the  work  of  renewing  such  things  as 
battery  parts  and  tru(k  wheels,  the  engineer  finds 
it  pays  him,  with  this  furnace,  to  faggot  up  scrap 
and   make    flat   iron. 

The  pre-war  price  for  flat  iron  ranged  about 
14s.  per  100  lb.  ;  to-day's  price  is  628.  ;  the  f'ity 
and  Suburban  Gold  Mining  and  Estate  Company, 
Limited,  costs  are  2r)s.  per  100  lb.  for  odd  lr)ts 
specially  made,  and  Ifis.  for  a  whole  shift  output 
at  piece  work  rates.  With  this  furnace  1^  in. 
copper  bars  for  electrical  purposes  are  run  out  of 
scrap. 

Two  days'  run  on  faggoted  scrap  gave  cost  as 
8s.  a  cwt.  ;  for  3  to  4  in.  blooms  weighing  100  — 
160  lb.  Scrap  charged  at  Is.  6d.  a  cwt.  and  use 
of  hammer  32s.  for  two  days.  This  furnace  has 
been  adt)pted  on  many  mines  with  beneficial  results. 
It  is  undoubtedly  of  great  use  wherever  there  is  a 
large  hammer. 
23.    Rock  Drill  Parts  : 

I.  Rock  drill  parts  are  extensively  made  on  the 
mines,  resulting  in  considerable  economy  as 
instanced  by  a  statement  from  X<iur<e  Mine-<, 
Limited.  A  recent  lot  of  rock  drill  parts  made  on 
that    property    would    have    cost   to   buy    £148    15s. 

Making  this  lot,  using  two-thirds  scrap  and  one- 
third  new  material  (taken  at  current  prices)  with 
labour,   tools  and    power,   cost   £54    Is.    7d. 

Several  mines  are  stamping  swivels  and  crowns 
out  of  odd  scrap.  At  Feneira  Deep,  [/united,  it 
is  stated  that  one  smith  can  make  70  to  80  of 
them  per  shift,  so  that  the  cost  cannot  be  more 
than  2s.  or  3s.  ('on.<olid(ited  Main  Jieef  Mine.<  and 
K.-tdte,  Limited,  state  with  new  material  at  present 
prices,   the  cost  to  be  6s.   each 

The   market   price   to-day    is    13s.    6d.    each. 

These  mine-made  fittings  .stand  up  to  the  work 
equally  as  well  as  the  imported  parts,  and  their 
manufacture  is  particularly  creditable  seeing  that 
numerous  jigs  and  methods  have  first  to  be  thought 
out. 

Bantje-i  Consolidated  Mines,  Limited,  find 
making  own   "  U  "   bolts  great   saving. 

Durban  Roodepoort  Deep,  Limited. — Can  be 
made  to  certain  extent,  but  doubtful  if  as  good 
as  imported.  Made  chuck  keys  in  white  iron  at 
Is.  each.  Drop  forged  ones  cost  5s.  6d.  each,  and 
answer  very  well. 

G'ldenhuis  Deep,  IJmited. — Rock  drill  parts 
made  for  years,  for  instance,  air  chests  cost  about 
£9  each.  When  worn  out  re-bore  and  screw  them 
and  make  two  plugs  to  suit  at  cost  of  12s.  each. 
.\ir  chests  then  as  good  as  new. 

East  If  find  Proprietary  Mines,  Limited. — Made 
from  old  scrap,  /.'.,  rails,  grizzleys,  broken  pistons, 
etc.  Following  list  of  articles  mine  makes  (d.f.  = 
drop    forging)  : — 

Side  rods,  arm  and  clamp  bolts,  ci'ossheads  (d.f.), 
spanners  (d.f.),  cradle  liners,  cradle  pillar 
tubes,  chuck  wedges  (d.f.),  chuck  bushings 
(d.f.),  rotching  handles,  stoping  bar  nut,  air 
lap  handles  (d.f.),  feed  screen  supports,  valves. 
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valve  stoppers,  valve  plates,  tappets  (d.f.), 
oylinder  bushings,  ratchet  springs. 
Katcliet  springs  made  from  new  jiiano  wire  at 
^d.  each.  Makers  j)rice  8d.  each.  Have  surplus 
of  crowns  and  swivels  due  to  reducing  number  of 
recipiocating  machines.  Making  rock  drill  parts 
valuable  et^)nomy.  Made  parts  before  and  since 
the  war. 

I'ity  null  Suhurhaii  (j'nhl  Miniinj  and  E<tatf 
t'oinpdiii/.  Limited.— yiade  crown,  swivels  and 
jacking  screws  before  the  war,  but  machine  tools 
have  been  too  busy   since. 

(iti/  Deep.  Limited. — ^  In  use  before  the  war 
(spares,  crossheads.  "  U  ""  bolts,  spanners,  etc.). 
Consolidated  Main  lieef  Mine.''  and  E.<tote, 
JAmited. — Swivels  and  crowns  made  of  broken 
stem-ends  at  cost  of  6s.  each  (against  13s.  6d. 
imported).     Equally    good.     New    idea. 

(^rotrn  Mine.i,  Limited.  —  Considerable  quantity 
made  on  mine,  resulting  in  great  economy. 

Ifobin.-ion  Cold  Minimi  ('nmpanij.  Limited. — 
Make  lot  of  hammers  for  B.f'.-'  rock  drills  from 
old  stem  pieces.  Life  three  to  five  months.  Better 
than  imported. 

II.     7'tili.<inij     worn     out     iji.<ton.<     of     the     hin/rr 

.v'/zP.*    of    Borh    T)rilh<    for    the    i^midler    •■-•/:<'■■ 

o/   DrilU.— 

.\  scheme  recently  introduced  by  engineer  of  the 

ViUaiji-    Deeit,    L/niiited.    is    effecting    a    considerable 

saving  as  regards  rock  drills,   on  this  mine. 

The  old  pistons  of  thp  .3^.  in.  Intrersoll  machine's 
are  swaged  down  sufficiently  to  allow  of  the  old 
spring  recesses  bein_fT  turne.l  off,  ;;!id  by  cljsi'.ig 
the  hole,  it  allows  of  boring  and  screwing  to  fit 
the  standard  rifle  nut.  The  piston  is  then  turned 
to  2?  in.  diameter  pnd  u.sed  with  the  21  in.  Holman 
machine.  .Just  at  the  present  time  the  largest  sized 
pistons  for  these  machines  are  not  obtainable  here, 
so  by  this  use  of  the  discarded  pistons  frcm  the 
larirp  machines,  the  life  of  the  cylinders  of  the 
smaller  machines  can  be  extended  in  the  usual  way, 
as  also  can  the  front  head  bushing,  since  the  rod 
of  the  3i  in.  machine  is  larger  in  diameter  thin 
that  of  the  21  in.  machine. 

Most  of  the  mines  have  a  number  of  these 
discarded  pistons,  and  in  many  cases  it  is  true 
that  these  are  being  used  for  f)ther  purposes  '^■ 
if  they  could  be  adopted  for  the  smaller  machines 
an  appreciable  saving  in  rock  drill  spares  would  be 
effected. 

The  present  day  cost  of  a  piston  for  a  2|  in. 
machine  is  £7  lis.  9d.,  and  the  front  head  bushings 
1.5s.,  as  against  the  cost  of  14s.  for  swaging  down, 
turning  piston  and  rod,  boring  front  head  lines, 
besides  the  further  life  of  the  cylinder  which  costs 
£S  Is.  Sd. 
24.    Foundry  : 

The  engineer  of  the  Jfohin.<on  Gold  Minimj  Com- 
pany, Liiiiited,  supplied  some  interesting  figures 
regarding  the  foundry  that  has  been  run  on  that 
property  for  the  last* 28  years. 

For  the  twelve  month.s"^  ended  October  last,  the 
output  of  iron  castings  was  66  tons,  worth  £1.930 
at  current  rates  and  74  tons  of  brass  castings, 
worth  £1,8.57,  that  is  castings  to  the  value  "at 
current  rates  of  £3,787  were  made  on  the  mine 
instead  of  being  bought  Excluding  the  value  of 
.scrap  used,  the  cost  of  producing  the.se  ca.stings 
was  approximately  £l,.500  including  a  certain 
quantity  of  new  pig  iron,  coke,  and  wages  of  work- 
men, seven  in  number,  namely,  one  pattern  maker, 
two   moulders,    one   apprentice   and   three   natives. 


Apart  from  the  direct  .saving  in  making  castings 
on  the  mine,  the  value  of  the  time  saved  in  repiir- 
ing   break  downs   must    be   very   considerable. 

hja.<t  Hand  Proprietary  Miiie.<,  Limited. — Brass 
work  large  factor.  Have  brass  foundry  and  do 
all  own  castings  in  brass,  aluminium,  gun  and  acid 
resisting  metal,  wliich  includes  large  spares  for 
Sulzer  underground  pumps.  Castings  amount  to 
4  tons  per  month.  Since  the  war  have  made  whiti 
metals  for  own  use,  totalling  53,000  lb.  Castings, 
white  metal  and  solders  resulted  in  large  savings 
Make    own    solder. 

If  work  sufficient  and  continuous,  foundry  is 
useful  and  economical  asset,  and  more  so  for 
emergency    work. 

25.  Rock  Drill  Ste.'vdy  : 

"  Nettle's  Patent  Rock  Drill  Steady,"  devised 
at  the  Ferreira  Deep,  is  an  attachment  for  a 
hammer  drill  to  keep  steel  in  place  when  collaring 
a  hole.  When  one  considers  tiie  difficulty  oi  collar- 
ing a  hole  with  a  hammer  drill,  and  the  damage 
to  steel  in  the  process,  the  idea  strikes  one  as 
being  a   good   money   saver. 

This    attachment    is    being    tiled    on    many    mines. 

26.  Jenkin"s   Detachable   Bit  ; 

Jenkin's  City  Deep  "Detachable  Bit,"  better 
described  perhaps  as  "jointed  steel."  A  substan- 
tial joint  in  the  drill  at  about  18  in.  from  point 
enables  one  shank  to  be  used  for  many  drills.  To 
equip  our  Ingersoll  machine  in  the  ordinary  way, 
40  drills  are  required,  having  a  total  length  of 
214   ft.    and    weighing   917    lb. 

With  Mr.  .Jenkin's  method,  40  drills  are  i-equired 
having  a  total  length  of  70  ft.  and  four  shanks  of 
a  total  length  of  15  ft.,  drills  and  shanks  weighing 
together  only  347  lb.  Sharpening  the  ordinary 
drills  involves  handling  about  900  lb.  of  steel  as 
against  only  about  300  lb.  with  Mr.  .Jenkin's 
process. 

Compared  with  the  ordinary  equipment  of  a  drill 
Mr.  Jenkin's  method  introduces  two  important 
economies  : — 

(1)  The  steel  required  for  a  new  machine  is 
reduced    by   62%,   or,   say,   two-thirds. 

(2)  The  weight  of  steel  to  be  taken  in  and  out 
the  mine  every  day  is  reduced  by  68%,  just  over 
two-thirds. 

These  possible  economies  are  sufficient  to  warrant 
the  method  being  given  a  thorough  trial  on  other 
mines. 

Mr.  Pryce's  report,  dated  the  25th  September, 
1917,  dealing  with  a  test  of  this  jointed  steel  over 
a  period  of  15  months,  indicates  that  the  miners 
prefer   this  jointed   steel  to  the  old   type. 

Crown  Mine.<,  Limited.  —  Has  chea|)ened  th- 
making  of  these  drills  by  new  method.  The  sockets 
are  made  entirely  on  the  Leyner  sharpener  at  the 
rate    of    40    per    hour. 

The  inside  of  socket  is  formed  in  three  heats 
with  a  first,  second  and  finishing  doUie,  this  last 
dollie  giving  the  socket  the  exact  taper  and  depi  I' 
required.  The  socket  is  then  given  a  fourth  heat, 
plugged,  and  finished  off  in  a  former  on  the  out- 
side. They  are  stronger  than  those  having  sockets 
first  bored  out  by  lathe.  The  improvement  of 
Crown  Mini'.<'  method  very  marked. 
27.    End    Liners    for    Tube    Mills  : 

It  has  become  a  general  practice  to  make  tube 
mill  end  liners  from  old  shf)e  shanks  or  gi'izzley 
bars. 

Ferreira  Deep,  Limited. — State  two  men  will 
make   two  complete  end   liners  in  three   days. 
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I  ill/  mill  Siilni iIhiii  (•'"Ii/  Miiiiihi  nnil  IC^hih 
,  ..III jiiiiii/,  l.uiiiliil.  (!i\t'  (c'st  lit'  liiu'is  till-  dill' 
nul   at    £:5   .")s.    (id. 

Cilil  Piiji,  /jliiii/iil.  (M(l  (lii's  art'  usi'd  as  lulu' 
mill  ends,  wliirli  ^ivo  alumt  '^^  '>'■  '""d  at  a  cost  of 
:{()s.  fiH"  installatidii.  'Phis  end  lias  been  runnin'^ 
for   over    12    niontlis. 

T/it'    VUliiiji    Main    Uivi   i;  ihl    Mtiiiiiii   I'liiiiiiiiiii/, 
Limited. — Cnstoin     liere    to     luiild     in     shoe     slmnUs 
witliont   dressing;    clieaii   and    cflicient. 
Oxv  AfETYi.KNK    Weldinc;  : 

'Phis  process  is  in  use  on  several  mines  for  weld- 
ing up  broken  eastings,  euttin}x  up  i;irdeis  and 
plates,  ete.,  and  it  appears  to  nie  that  the  system 
iiinld  be  adopted  with  advantage  on  other  mines. 
An  apj)aratus  with  a  capacity  for  welding  up  to 
•_•   in.    and    c'utting    plates   (5    in.    thick   costs    £120. 

Iliiiifji'---     ('i>ii-<iilidiiti  d     Mine.-',     Ijimiti'd.  —  Sirius 
plant     imported     and     installed     in     1912.      I'se    has 
been  enormous  and  small  capita!  outlay  been  saved 
many  times  over. 
29.    Plates  : 

The  engineer  of  the  (Uldinlnii.^  Dnji,  l/unital, 
uses  a  steel  railway  sleeper  flattened  out,  which 
makes  a  good  plate,  ti  ftxl3  in.,  at  a  cost  for 
labour  of  Is.  6d.  These  plates  are  used  for  lining 
bins,    repairing  truck   bodies,   etc. 

Frrriira  Dei'j),  Limited. — Find  them  excellent  for 
foot  wall  chutes.  The  construction  of  chutes  is 
worth  noting,  the  timbers  being  wedged  together 
so  as  to  be   readily   changed. 

A    good    deal   of   plate    for   lining    bins,    repairing 
truck    bodies,     idler    ends    and    other    purpo-ses    is 
obtained  from  odd  bits  of  pipe   flattened  out. 
:{1.    Rails   and   Crossings  : 

Several  mines  are  making  switches  and  crossings. 
Ill  December,  1910,  the  Modilerfontcin  "Ji"  GoJd 
.Mini"  obtained  quotation  for  30  in.  gauge  crossing. 
15  ft.  long  of  30  lb.  rail.  The  price  quoted  was 
£14  15s.  To-day  these  crossings  are  made  on  this 
mine  at  a  cost  of  £9  15s.  with  piece  work  labour 
at  27s.  6d.  per  crossing  and  material  at  current 
prices.  Xoinse  Mini",  J/nnilcd,  gives  cost  of  12  ft. 
switch  of  30  lb.  rails  at  £9  3s.,  using  sleepers  of 
old  bin  lining  costing  Is.  Gd.  as  against  market 
price   2s.    7d. 

32.  Idlers  : 

I. — Jiopp   Idhr.i. — 

t'ity  nnd  Suburbnn  are  making  rope  idlers.  The 
centre  for  rope  is  an  8  in.  diameter  cast  iron  collar 
costing  4s.  3d.,  and  the  ends  of  plate  stamped  out 
from  scrap  in  a  die.  The  roller  turns  on  1^  in. 
steel  shaft  pinned  in  bracket  at  each  end.  A  recess 
around  spindle  in  centre  is  filled  with  C.C.  motor 
oil,  which  is  found  to  last  the  life  of  the  C.I. 
centre.  The  cost  is  £1  I7s.  6d.  complete.  The 
cost  of  replacing  a  worn  C.I.  centre  is  about 
Gs.    6d. 

IT. — Cnnvi'i/nr    Brit    Idler.--. — 

Kniijlit  Centred  make  from  short  length  of  4  in. 
Iii|)e  fixed  to  1  in.  shaft,  and  run  in  ordinary 
bearing. 

33.  Springs  for   Leyner   Sharpener  : 

Kn^t  lifind  Prnprietnri/  Mine.-i,  Limited,  have 
made  springs  for  Leyner  drill  sharpener  from  rope, 
at  a  cost  of  2s.  to  replace  those  bought  at  6s.  6d. 
each. 

Many  of  the  mines  are  now  making  these. 

Eti.<t  liimd  I'roprietari/  Mine.",  Limited,  made 
nut  of  old  wire  rope,  and  have  proved  satisfactory. 
Cost  is  5d.  compared  with  purchase  price  5s.  lid., 
which  is  valuable  economy,  Average  life  of  springs 


made    here    is   fourteen    flays   as   again."«l    tliH'c    days 
life  of  original  spring. 

34.  Metallic    Packing  : 

'/'/le  Kiiiijlit  Cent  ml  has  a  proi-ess  for  making  the 
metallic    packing    (it   some   engines. 

As  the  material  costs  only  about  10s.,  it  is 
obviously  cheaper  to  make  the  packing  than  pay 
the  market  price  r)f  £4  per  1  in.  diameter  of  rod, 
say,   £10   for    I    in.    piston   rod    packing. 

I'j<i!<t  Hiinil  /'ni/irietnn/  Mine.",  I,iniited. — Cast 
and  machine  all  own  metallic  packing,  and  adopt 
it  wiierever  possible.  Made  1,300  lb.  since  war. 
Is  a  valual)le  economy.  .Metallic  packing  as 
adopted  on  first  class  locos,  is  the  best.  Great 
success  under  unfavourable  conditions  such  as  sand 
storms   and    irregular    supervisitni. 

35.  Trucks  : 

In  response  to  a  demand  for  something  that 
would  not  break,  the  foreman  smith  at  Coniolidiiffd 
Main  lleij  Mine.<  nnd  (•l<tiite.  Limited,  got  out  a 
truck  frame  of  Jarrah  1  in.  thick,  bolted  u|)  with 
.scrap  plating,  at  a  cost  for  labour  of  22s.  It 
retninlv  looks  a  strong  job.  Tfie  Ferrelni  Deen, 
Limited,   also  are  making   truck   frames  of  .larrah. 

The  cost  of   labour  is  stated   to  be  2.5s. 

Crown   Aflne-<,   Ijimited,   are  trying   wooden  truck 
frames    as    used    at    Roodepoirt    f'nited:    also    old 
frames  reinforced  with  wood.     Latter  idea  may  be 
cheaper. 
30.    Truck    Axles  : 

Satisfactory  truck  axles  are  being  made  of  wire 
rope   welded   up   and   other  scrap  material. 

Dnrlinn  Fnodepoort  Deep,  [limited,  made  on 
mine  from  broken  stem  ends  welding  up  two  old 
axles  to  make  one  new,  small  pieces  of  cam  shafts 
or  any  old  shafting.  Made  .some  more  as  an 
experiment    from    old    wire    rope    welded    together. 

EcL^t  If  nnd  I'roprietari/  Mi>ie.<.  Limited. — Weld- 
ing up  wire  ropes  is  new.  Our  practice  to  weld 
wedge  pieces  into  end,  thereby  renewing  them,  and 
is  valuable  economy,  as  body  of  axle  is  saved. 
Have   practiced  this  since  war  began. 

City     and     Snitiirhon     Cold     Mlnlmj     and     E-^tnte 
Compei/n/,    Limited. — Welding   up   scrap    in    furnace 
for   truck  axles   with   good    results. 
37.    Truck    Trunnions  : 

Truck  trunnions  are  being  made  from  scrap  At 
n   'irice  that  indicates  a  saving. 

E(i.<f  I?nnd  I'roprietnn/  Mhie.'i,  Limited. — Drop 
forged  from  scrap.  Valuable  economy.  Practiced 
since   war. 

CIti/    and    !>uhurhan     Gold    MInhu/    and    E-^fafe 
j   Company,    Lin) i fed. — Made    them    in    dies    out    of 

scrap  for  seven  years. 
I   38.    Truck  Wheels  : 

Truck     wheels     are     mostlv     discarded     through 

flanges    wearing    out.     Several    mines   are    .shrinking 

on  steel   flanges  at  a  cost  stated   to  be  4s.     This  i^ 

I   perhaps    a    low    figure,    seeing   that    the    old    flange 

I   ha.';    to   be    turned    off    and    a    ring    turned    up    and 

j   shrunk  on. 

I  The  City  and  .^uhiirhan  re-flange  old  wheels  by 
plicing  a  hot  wheel  in  a  die  under  the  hammer 
and  brintring  up  a  new  flaiige  out  of  the  metal  of 
the  wheel.  This  method  slightly  reduces  the  width 
of  the  tread,  but  makes  a  go^:d  job.  The  cost  is 
.  sjiven  at  2s.  6d.  per  pair. 
39.    Sanitary  Buckets  : 

Imported  sanitary  buckets  being  no  longer  procur- 
able, several  mines  have  met  a  shortage  bv  making 
them.     It    appears   that    a    bucket   of    18   in.    gauge 
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flit  galvanised  iron  can  lie  niaile  at  a  oust  nf  about 
los.   exclusive  of  lid. 

77m    Xiu-   Moilfler/iiKtt  in    (t'olil    Minimi    ('<iiii iKinji 
are   niakini;   sanitary   buckets   costing  appro.ximately 
•_>0s.     This    pattern    is    now    beini;    largely    u.'sed    on 
other  mines. 
40.    Tools  : 

Most  of  the  mines  are  making  tools  of  a  variety 
that  would  stock  an  ironmonger's  shop,  comprising 
every  description  of  blacksmiths'  swages,  hammers, 
zinc  lathe  tools,  ordinary  lathe  tools,  chisels, 
spanners,  pipe  wrenches,  etc.,  etc.  An  important 
item  is  dies,  dollies,  and  formers  for  drill  sharpen- 
ing machines.  The  comparative  costs  of  making 
and  buying  are  stated  by  Mr.  Ritchie  to  be,  on 
the  Xoiiro  Mini  .<  : 
2   dies,   to   make.   £2   13s.  :    pre-war   price,    £3   10s. 

1  doUie.    to   make,    17s.  ;    pre-war   price,    £2. 

2  formers,  to  make.  £1  10s.  :    pre-war  price.  £7  lOs. 
Excellent    4    lb.    and    14   lb.    hammers    are    being 

turned  out  at  a  cost  of  about  4d.  per  pound  from 
.«hoe  shanks,  and  other  scrap  material  comparing 
favourably  with  imported  hammers  at  6d.  per  lb. 
(price,    December.    1916). 

Bnntje.i  Cn-^oHdaffd  Min(.<  .state  that  one  smith 
and  two  natives  can  make  25  4  lb.  hammers  per 
day,  indicating  a  labour  cost  of  2^d.   per  hammer. 

r//)/  and  f^vhurhan  state  inclusive  cost  of  4  lb. 
hammer  to  be   8^d.    and   14  lb.    hammer  at   3s.    .3d. 

The  Citij  Dirp  make  a  very  serviceable  pipe 
wrench  from   old   grizzley  bars. 

Bnntjei  Con-inHdntpd  ' Mine-^,  Limited. — Number 
of  all  descriptions  made,  particularly  dies  and 
df>llies  for  drill  sharpening  machine  (Leyner)  which 
cost  less  than  present  market  price. 

Durban  Tinndepnort  Deep,  Limited. — Smith's 
tools,  drifts,  etc.,  have  been  made  past  eighteen 
months  from  old  \^  in.  rope,  and  anything  up  to 
2  in.  round  can  be  made  from  this  material.  Cost 
of   4  lb.    hammer   seems  low. 

Xour.-c  Mine--^  Limited. — Stilson  wrenches  are 
being  reclaimed,  and  by  the  introduction  of  new 
jiw^s   and    springs   turned    out    as    good    as   new. 

Ea.it  Tinnd  T'roprietar\i  Mine.'i,  Limited. — Two 
men  constantly  employed  keeping  workshop  tools 
in  order  and  makintr  tools  at  present  unobtainable 
.Also  make  dies,  df)llies,  etc.,  for  Levner  drill 
slnrpener.  No  new  hammers  made.  Old  hammers 
dre.ssed  and  faced.  Decided  economy  on  work  done 
in  pre-war  davs.  Cast  .steel  tools  made  of  old 
.shoes.  Timbering  chisels  made  out  of  hand  and 
machine   drill   steel. 

f'itji  and  Snhvrhan  Gold  Mining  and  E---tafe 
f'otnpan}/.  Limited,  have  made  most  of  dies,  dollies 
and  formers  ourselves,  since  we  had  sharpening 
machines.  During  la.st  eighteen  months  have  made 
zinc-cutting  tools  from  old  shoe-shanks.  Some 
0,000   4   lb.    hammers   made   from   old    shoe   .shanks. 

^/7y  Deep,  Tyimited. — ^Wire  rope  handles  used 
in   14  lb.   hammers  for  mine  use. 

r'an-'olidated     Main      J?eef     Mine.o     and     E^'tafe, 
TJmitcd. — Smith    tools    always    made.     Dollies    for 
Leyner's    all    made    on    mine.     No    new    hammers 
made,   but   old   ones  re-dressed. 
42.    W.ASTE  : 

One  of  the  mines  has  for  .some  time  been  using 
old  hemp  ropes,  teased  out,  as  a  substitute  for 
waste. 

Some  of  the  mines  are  cleaning  waste,  but  the 
recovered  waste  has  little  value.  It  has  been 
.suggested  that  sweat  cloths  are  more  economical 
than  waste,  being  more  easily  recovered  and 
cleaned. 


13.    Stekl  Bklt  F.\steneu  : 

h'nii/ht    Central,    Limited .    suggest    using    these    a 
second  time  by  burning  out  old  belt  and  stiaighlen- 
ing    out    fastener.     This    can    easily    be    done    by    a 
native. 
47.    Pv.Mi'    Details  : 

Jf.D.  Putnp. — Repaired  worn  part  of  jiump  shaft. 
Shaft  worn  usually  at  the  gland  is  turned,  tinned 
and  run  with  brass  in  a  mould.  Then  the  brass 
section  is  turned  in  the  lathe,  and  saves  scraping 
the  shaft.  Tried  in  brass  and  whito  metal.  Xo 
results    available,    being    experimental    stage. 

Experintintnl  /'liim/rr  fd-^inij. — Suggest  use  of 
granite  casing  for  plunger  which  being  impervious 
to  water  with  a  high  polish  slioukl  reduce  friction, 
and  not  likely  to  groove  owing  to  hard   skin. 

Wortliington  Pump. — liantje.*  Cnn-<(>lid(itrd  Mini.< 
suggest  lead  ring  substitutes  in  place  of  red  fibre 
joints  as  supplied  by  makers  for  4^  in.  x  10  in. 
Worthington  pumps.  The  valve  covers  on  these 
pumps  have  to  be  removed  frequently  to  examine 
valves  and  seats,  and  make  renewals  when  neces- 
sary. Red  fibre  makes  a  good  joint  so  long  as  it 
is  not  disturbed,  but  with  repeated  removals  of 
cover  they  soon  collapse.  They  are  expensive  to 
produce  as  the  fibre  is  bought  in  the  sheet  (5  in. 
thick),  cut  up  into  suitable  squares  by  band  saw 
and  then  sent  to  lathe  to  be  turned  up  on  the  out- 
side and  through  hole  bored  from  solid.  Lead 
rings  make  quite  as  good  joints  for  these  particular 
pumps  (or  anvwhere  where  a  recess  can  be  provided 
for  joint).  The  advantage  of  this  is  that  when 
the  joint  is  discarded  the  old  ones  are  brought  back 
to  shops  and  melted  up  and  re-run  into  jig.  An 
apprentice  can  comfortably  run  up  300  joints  in 
one  shift — red   fibre  .50  for  a  shift. 

When  melted  lead  has  been  run  in  recess  "  C  " 
in  jig,  the  whole  jig  is  lifted  by  handle  and 
dropped  on  a  block  of  wood.  The  bottom  of  solid 
mandril  "A"  strikes  the  wood  first  which  causes 
"A"  to  rise,  leaving  the  lead  rin'''  still  resting  o" 
mandril  "  B  "  as  the  jiq;  still  descends  mnnd'il 
"  B  "  then  gets  the  blow  wliirh  causes  le-ul  rinu' 
to  be  knocked  out  of  mould. 

f<ulzer  Pump<.  —  Durhdii  J'uridc  iinort  Deep. 
L/imifed,  have  adopted  a  front  packing  bush  of 
white  metil  which  runs  well  and  reduces  the 
danger    of    seizing    when    pumpine    dirty    water. 

The  bushing,   when   worn,   can   be  readily  melted 
and  run  up  again  in  a  cast  iron  mould. 
49.    Quasi-Arc  Welding  : 

Crown  Mine.i,  T/imited,  report  many  big  jobs 
satisfactorily  repaired,  most  useful  in  building  up 
badly  worn  shafts,  in  journals  or  shafts  of  winding 
eiigines  on  which  the  coupling  of  main  s))ui'\vhe('l 
has  become   .slack. 

[Extracts  from  Report  made  by  Mr.  W.  Eldsdoii 
Dew,  Acting  Con.sulting  Electrical  and 
Mechanical  Engineer  to  the  Central  Mining 
and  Investment  Corporation,  Ltd.,  August  28, 
1918.] 


Notices  and  Abstracts   of   Artic'es  and 
Papers. 


CHEMISTRY. 

DETEP..VIINATIOX     OF     Cori'ER     MINERALS     IX     PaRTLY 

Oxidised   Ores. — "  It   is   important   in  ore   flotation 
to  be  able  to  distinguish  between  copper  present  as 
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sulphide  and  oxide  minerals.  E.xti.uin.n  Liv  V, 
iiild  .siilpiiuiic  acid  dues  not  effect  a  (luantitative 
separation  of  oxidi.-jed  conipouiid.s.  .Metallic  iron 
from  the  crushing  maciiinery  is  dissolved  and 
•  au.ses  deposition  of  metallic  copper.  Only  one- 
hulf  of  the  copper  in  cuprite  passes  into  sdlution, 
while  .<ome  chalcoi)yrite,  bornite,  and  chalcorite 
are  also  dis.solved.  Neither  does  a  5",j  solution  of 
annnonia  give  satisfactory  results.  The  sulphides 
are  dissolved  to  a  slight  extent,  while  the  formation 
of  gelatinous  silica  interferes  with  the  .solution  of 
oxidi.<!ed  minerals.  These  are  also  defects  of  Hunt 
and  Thurston's  method  (Colorado  School  of  Mines, 
.May,  1917,  7,  1.57)  based  on  the  extraction  of  the 
oxidised  minerals  wiJi  all^iline  sodium  tartrate  and 
alkaline  ami.i  ).i:um  t,ulphate.  Extraction  with 
dilute  sulphurous  a,cid  is  considered  to  give  the 
most  correct  results  : — 2  gm.  of  ore.  pulped  to  pass 
a  100  or  150  mesh  sieve,  is  shaken  with  a  solution 
containing  3%  of  SO,  for  one-half  to  two  hours. 
The  in.soluble  residue  is  filtered  off  and  washed 
with  dilute  sulphurous  acid,  and  the  filtrate  then 
cont:iins  all  the  copper  present  as  oxide,  carbonate, 
or  silicate  in  the  ore.  After  acidification  with 
nitric  acid  the  copper  can  be  estimated  electro- 
lytically.  Sulphide  minerals  are  not  affected. 
Metallic  iron — up  to  3% — is  rapidly  dissolved  and 
Ihis  no  influence  if  excess  of  sulphurous  acid  is 
present.  Xo  interference  is  caused  by  the  forma- 
tion of  gelatinous  silica  and  ores  of  any  grade  can 
i)e  dealt  with.  Metallic  copper  must  be  deter- 
mined sep.arately."^(".  E.  V.\n'  B.^vrxeveld  and 
E.  S.  Leaver.  U.S.  Bureau  nf  Miiu  .^  -.  Evij.  and 
Mill.  J.,  1918,  105,  552-555.— JourtHil  of  the  Society 
of  Chemical  Iiiflusfn/.  Mav  31,  1918,  p.  270.\. 
(A.    W.) 


Method  of  Sulphur  Ax.\lysis  ix  Ores. — "A 
method  is  described  for  estimating  sulphur  gravi- 
metrically  in  ores  and  furnace  products  by  oxida- 
tion to  sulphate  and  precipitation  as  barium 
sulphate,  which  avoids  the  difficulties  usually 
experienced  in  oxidising  mattes  and  calcines,  or 
ores  containing  much  copper  or  zinc  sulphide. 
0'5— 10  gm.  of  the  sample  is  treated  with  10  cc. 
of  a  "20 'o  solution  of  sodium  chlorate,  and  7 — 15 
drops  of  a  mixture  oi  equal  parts  of  bromine  and 
glacial  acetic  acid.  10  cc.  of  nitric  acid  nearly 
saturated  with  potassium  chlorate  is  then  added 
and  the  mixture  agitated.  After  two  or  three 
minutes  the  sulphur  is  oxidi.'^ed,  and  the  mixture  is 
then  evaporated  to  dryness.  The  residue  is  cooled. 
5  cc.  of  GO'^o  hydrochloric  acid  added,  and  after 
heating  till  all  soluble  substances  are  dissolved, 
the  solution  is  diluted  to  150  cc.  and  neutralised 
with  ammonia.  If  lead  is  present,  about  1  gm. 
of  ammonium  carbonate  is  also  added,  the  mixture 
boiled  for  one  minute,  filtered,  and  the  precipitate 
washed  thoroughly.  The  filtrate  is  heated  to  exp;  ! 
ammonia,  hydrocliloric  acid  added  in  excess,  and 
then  about  15  cc.  of  a  10°o  solution  of  barium 
chloride.  The  mixture  i..  boiled  for  10  minutes, 
allowed  to  settle,  filtered,  and  the  barium  sulphit- 
ignited  and  weighed..  This  method  avoids  th"- 
form  ition  of  globules  of  free  sulphur  during  the 
oxidation  by  preventing  heating  of  the  solution. 
Potassium  chlorate  may  be  used  instead  of  the 
sodium  salt  and  is  more  stable  in  nitric  acid,  but 
nuich  l-?s  soluble  in  water." — F.  G.  Hawley, 
Emj.  and  Miii.  J.,  1918,  70.5,  385-386.— 7 r/wriir//  of 
the  Society  of  Chemical  Jndu.<try.  Mav  31,  1918, 
p.   270a.     (A.    W.) 


METALLLiiGY. 
Sodium    v.    Potassilm   Cya.niue.— "  For   litratii  g 
potassium  cyanide  it  has  been  the  universal  custom 
to    make    up    a    solution    containing    1-303",',    silver 
nitrate,    so    that    '    cc.    was   .-.luivaleiit    to    10   mgm. 
KCN.     This   was   roughly   007tj7   .V.     For  titrating 
commercial  .s(jdium  cyanide  it  is  po.ssible,  by  a  con- 
venient   coincidence,    to    use    A'/ 10    or    .\ j'M    silver 
solution      without      necessitating     any      calculation. 
One   cc.    of    .\'/10   silver   .solution    is   e(|uivalent   (by 
Liebig's  titration,  <jr  using  the  preferable  modifica"- 
j    tion  with  potassium  iodide  indicator)  to  5'202  mgm. 
of   CN,  or  to  exactly  9802  mgm.   of  XaCN.      Now, 
I   98  is  almost  the  exact   percentage  of  actual   NaGX 
in   the   high-grade  commercial   material  now   in   use. 
Tiierefore     one    can     titrate    solutions     with     A'/ 10 
silver  nitrate  and  call   1   cc.   ecjuivalent  to   10  mgm. 
of   the   actual    98'^,,    salt    which   has   to   be    weighed 
out    in    making    up    the    ."solutions.        For    technical 
purposes  it  is  perhaps  perferable  to  use  A720  solu- 
tion   (1    cc.  =5    mgm.    commercial    XaC'X),    as    the 
end-point   with    iodide    indicator   is   delicate  and   the 
burette  readings  then  also  indicate  '  pounds  per  ton 
I   of    solution  '    directly.     For    instance,    taking    a    10 
}   cc.    sample  :    suppose   2   cc.    of   A^/20   silver  nitrate 
!   are    consumed  ;     this    indicates    10    mgm.    or   010% 
of  commercial  sodium  cyanide  in  .solution,  or  2  lb. 
per  ton   of  solution — the   '  ton  '  or  '  fluid  ton  '  used 
in  hydrometallurgy  being  about  32  cub.   ft.,  or  the 
volume  of   2,000  lb.   of   water. 

When  determining  sodium  and  potassium  in  a 
mixed  cyanide,  chlorides  and  carbonates  being  the 
usual  impurities,  it  is  often  possible  to  work  by 
directly  evaporating  with  hydrochloric  acid,  gently 
igniting  and  weighing  the  mixed  chlorides  remain- 
ing, and  titrating  chlorine  in  part  of  the  residua. 
The  following  formula,  based  on  1914  atomic 
weights,  gives  the  results  in  the  most  direct  manner 
possible  : 

If  A  is  grams  mixed  chlorides,  and  B  is  total 
grams  chlorine  in  mixed  chlorides ;  then  K  in 
grams  is  24286  A  minus  4004  B,  and  Xa  in  grams 
is  3004  B  minus  14286  A  or  A  minus  B  minus  K. 
Xot  infrecjuently  the  class  of  cyanide  can  be 
determined  simply  by  titrating  cyanogen  and  alka- 
linity in  a  fresh  solution,  using  methyl  orange  as 
indicator. 

It  may  not  be  out  of  place  to  call  attention  to 
the  importance,  when  testing  cyanides  for  the  pre- 
sence of  alkaline  sulphide,  of  preparing  the  solution 
at  the  moment  of  making  the  test,  or,  what  is 
better,  of  dissolving  the  solid  cyanide  in  the  reagent 
to  be  applied.  If  the  cyanide  is  dissolved  in  water 
and  allowed  to  stand  even  a  few  minutes,  the  sul- 
phide content  may  be  seriously  diminished,  and 
traces  of  sulphide  may  be  easily  overlooked.  Three 
simple  methods  are  available  :  Shaking  with  fine 
lead  carbonate  suspended  in  water  :  dissolving  the 
solid  cyanide  in  a  .solution  of  silver  nitrate  contain- 
ing slightly  less  than  1  molecule  AgXO,  for  two 
equivalents  CX,  or  dissolving  the  solid  cyanide  in 
a  little  mercuric  chloride  solution,  each  of  these 
reagents  yielding  a  black  precipitate  or  dark  colora- 
tion. The  sulphide  may  be  quantitatively  deter- 
mined by  the  silver  or  mercury  method.  Incident- 
ally, while  sodium  cyanide  is  not  deliquescent,  it 
is  decidedly  more  soluble  in  water  than  potassium 
cyanide. 

In  dilute  solutions  there  is  no  apparent  difference 
in  the  stability  of  sodium  as  compared  with  potas- 
sium cyanide  :  in  each  case  decomposition  is  greatly 
increased  by  access  of  air  and  retarded  by  presence 
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uf  free  alkali.  Prolonged  tests  made  over  a  period 
of  three  years  indicated  that  in  strong  solutions 
there  is  comoaratively  little  difference   in  stability, 

'  if    any,    lying    on    the    side    of   the 

1.  which  in  the  t^st  lost  about  40  ;, 

;    _     ,  _  ..  in  36  months,   against   nearly   50'-., 

lost   by  commercial  potassium   cyanide. 

'•   'is  long  been  sta.ted  that  5  gr.  of  cyanide  have 

lily    proved    fatal,    at    which    rate    a    pound 

suffice    to    kill    about     1,400    persons.     This 

statement    no    doubt    refers    to    cyanide    of    the    old 

type,  containing  probably  30%  to  35%  of  potassium 

le  or,  say.   12%   to  14%   of  cyanogen.  Modern 

1    cyanide — commercial    as    well    as    '  C.    P.' 

— V  mains    50%,    to    52%    cyanogen,    or    practically 

four  times  as  much  as  the   material  formerly  sold, 

and  is  presumably  four  times  as  lethal  in  its  action, 

so   that,   as  a  measure  of   its  toxic  effect,   a   pound 

would  contain  more  than  5,000  fatal  doses." — W.  J. 

Sh.\R\vood. — Engineering  and  Mining  Journal.  Mav 

18,    1918.   p.   918.     (H.    A.   W.) 


Abstracts  of  Patent  Applications. 


36S.li>.  J.  S.  Koss  (1),  G.  L.  Crump  (2).  Improve- 
ments in  the  extraction  of  copper  and  other 
metals  or  compounds  thereof,  from  ores  and 
the  like  containing  them.     2.7.18. 

This  application  is  for  a  process  of  leaching 
uncrushed  copper  ores  with  sulphuric  acid,  on  the 
assumption  that  the  disintegrating  effect  of  the 
.solvent   will  render   crushing  unnecessarv. 


563.18.  Andrew  F.  Crosse.  Improved  process  for 
the  production  of  phosphates  from  certain 
phosphatic   rocks.     12.9.18. 

This  application  is  for  an  improved  process  of 
converting  insoluble  iron  and  alumina  phosphates 
into  citric  soluble  phosphate,  and  thereby  render- 
ing the  phosphate  of  special  use  as  a  fertiliser. 

The  process  consists  of  mi.xing  the  ground  rock 
phosphate  with  caustic  soda  and  lime,  then  treat- 
ing the  dry  mixture  to  a  temperature  between 
200°  to  250°  C.  :  then  cooling ;  then  agitating  in 
hot  water,  adding  more  lime  to  precipitate  the 
phosphate  as  calcic  phosphate  and  regenerate  the 
caustic  soda  for  reuse.  The  resultant  product  is 
allowed  to  settle,  the  regenerated  caustic  soda 
solution  is  decanted  off  and  the  settled  solid  is 
dried  and  is  ready  for  use.  The  principal  improv- 
ing feature  of  this  process  is  the  formation  of  only 
a  small  proportion  of  aluminate  of  soda,  thereby 
overcoming  loss  of  soda,  and  the  difficulties  of 
settlement  and  subsequent  separation  of  the 
regenerated  caustic  soda  from  the  solids,  ff)rmerly 
experienced. 


590.18.  Oliver  Reece.  Improved  process  of  treat- 
ing ore  concentrate,  fine,  slime,  dust  and  the 
like.     25.9.18. 

This  application  relates  to  the  treatment   of  con-    | 
centrate,    fine,     slime,     precipitate,     dust     and     like    i 
material  produced   in  mines  and  smelting  plants  or 
other  ore  reduction  works. 

Its  first  objective  is  the  reduction  of  losses  arising 
from   roasting,   sintering,   calcining  or  some   similar    j 
process,    in    the    carrying    out    of    which    losses    are    I 
known  to  occur.  ' 


It  consists  of  treating  the  materials  in  question 
with  a  bin<iing  and  fluxing  agent,  which  cements 
the  particles  together  and  the  moulding  of  the 
mixture   into  briquettes. 


722.17.  H.  C  Hilton  (1),  .J.  J.  R.  Smythe  (2), 
W.  Alderson  (3).  Improvements  in  means  or 
devices  for  use  in  the  ventilation  of  mines. 
19.11.17. 

This  application  appertains  to  a  means,  device 
or  arrangement  which  can  be  utilized  for  moving 
or  transferring  large  volumes  of  air  from  a  purer 
source  of  supply  to  badly  ventilated  parts  or  places. 

The  application  aims  at  constructing  a  means, 
device  or  arrangement  by  which  a  comparatively 
small  jet  of  compressed  air  can  be  utili/.ed  tt) 
induce  a  much  larger  volume  of  air  by  a  series 
of  successive  steps  or  stages,  and  to  convey  and 
deliver  such  relatively  large  volume  of  air  through 
a  pipe  line  or  along  any  other  suitable  conduit 
from  the  point  or  points  oif  induction  to  any  desired 
point  or  points  where  it  is  or  may  be  required  U> 
introduce  air  for  the  purpose  of   ventilation. 


763.17.     .Jolin     William     Birtley    Craggs.     Improve- 
ments in   warning  the  driver  in  the  event  of  a 
mine    skip    or   cage    becoming    derailed,    or    dis- 
engaging its  guides,  and  for  operating  and  con- 
trolling  the  trip  gear  of  the  engine  or  motor. 
7.12.17. 
This    application    deals    with    means    for    giving 
warning  in  the  event  of  a  mine  skip  or  cage  becom- 
ing derailed  or  disengaging  its  guides,  and  operates 
by  means  of  the  derailed  tkip  or  cage  coming  into 
contact  with  a  bare  copper  wire  strung  on  insulated 
supports     in     close     proximity     to     the     track.     On 
contact   being  made  between  the  skip  and   the  said 
wire    a    circuit    is    completed    through    the    track   or 
winding   rope,    i.i.,   through   earth,    which    causes  a 
bell  to  ring  or  a  visual  alarm  to  signal  the  fact  to 
the    driver. 

The  claims  are  five  in  number,   and   comprise  : — 

1.  Means  for  giving  warning  of  a  mine  skip  or 
cage  becoming  derailed  or  disengaging  its  guides 
as  above. 

2.  The  use  of  a  relay  magnet  introduced  into  the 
circuit  for  opening  the  low  voltage  trip  of  an 
electric  hoist,  or  for  operating  any  overwinding  or 
controlling    device   of    a    steaiii    winder. 

3.  An  arrangement  for  signalling  from  the  skip 
or  cage  to  the  driver  by  means  of  the  said  bare 
wires. 

4.  The  emplovment  of  insulator  brackets  for 
supporting  tha  bare  wires,  and  an  arrangement  of 
tension   screws   for   straining   the   wires. 

5.  A  general  claim  for  tlie  first  two  claims  com- 
bined in  connection  with  the  corresponding  draw- 
ings, and  substantially  as  described  and  illustrated 
thereby. 

Chang-es  of  Address 

Ben.vett,  R.  \V.,  Ijo  .Johannesburg:  Knight 
('entral,    Ltd.,    P.O.    Box    91,  Germiston. 

Coulter,  W.  M.,  Ijo  Brakpan  ;  New  Modder- 
fontein   G.M.    Co.,    Box    25,   Benoni. 

Xewtox,  S.,  Ijo  Crown  Mines,  Ltd.  ;  Modder 
"B'    G.M.    Co.,    Ltd.,    P.O.    Modder    Bee. 
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APPLICATION    OF    THE    THEOKV    OE      PKOHABIEITV  l.\  Til  E  DETEliMINA- 

TIoX    i^V   ORE   KESEItVES. 


13y  O.  A.  \\atki:mi:yi:i{  ([Meuiht-r  of  Cuunciij. 


Great  credit  is  due  to  jNIr.  A.  E.  Hooper,* 
Surveyor  to  the  Aurora  West  United  G.M. 
Co.,  Ltd.,  for,  in  the  first  instance,  recog- 
nising  the  importance  of  accumulating  data 
on  the  frequency  of  occurrence  of  various 
values  in  his  mine.  This  has  been  of  con- 
siderable assistance  in  the  later  develop- 
ment. 

It  lias  been  the  custom  in  the  ])ast  to 
determine  Ore  Eeserve  by  the  individual 
valuation  of  each  block  of  ore  based  on  sam- 
ples taken  at  uniform  intervals,  or  other- 
wise, on  the  perimeter  of  the  block  where 
accessible.  These  samples  are  assayed  and 
the  results  recorded  in  the  first  instance  on 
the  sample  sheets,  which  show  the  sections 
graphically  on  a  large  scale,  and  later  on 
the  assay  plans,  which  show  the  result  of 
each  section  on  a  much  smaller  scale,  but 
rejiresent  their  position  in  the  mine.  The 
samples  are  meaned  together  over  arbitrary 
distances,  say,  50  ft.  in  drives  and  rises, 
and  the  mean  of  sam2)les  taken  along  stope 
faces  are  done  separately.  In  order  to 
aiTive  at  the  mean  for  the  block,  these 
results  are  weighted  according  to  the  lengths 
over  which  they  were  taken.  In  estimat- 
ing the  value  of  the  ore  stoped  each  month 
a  similar  procedure  is  adopted.  The  results 
obtained  from  the  mill  have  shown  tl:at  this 
method  of  obtaining  a  mean  value  is 
uniformly  in  excess  of  the  mill  return.  If 
the  percentage  in  excess  were  a  constant  it 
would  be  a  simple  matter  to  determine  the 
constant  and  apply  it  to  future  determina- 
tions so  as  to  predict  the  mill  return. 
Experience,   however,   has  shown   that   this 

*  Mr.  Hooper  contributes  a  few  historioal  notes  on  the 
subject  on  pajie  107. 


is  not  a  constant  and  varies  very  consider- 
ably from  montli  to  month.  In  order  to 
get  over  this  ditficulty  various  methods  of 
adjustment  have  been  put  forward  at  differ- 
ent times.  One  method  consists  in  meaning 
the  sections,  reducing  all  values  above  the 
mean  to  the  mean  and  then  remeaning.  A 
second  arrived  at  a  result  by  taking  the 
mean  between  the  first  and  second  means. 
A  third  consists  in  reducing  each  section 
above  1,000  inch-dwts.  in  value  to  1,000 
inch-dwts.    and   then   meaning. 

Deiiny%  in  his  paper  on  "  Eand  Econo- 
mics," read  before  the  S.A.  Institution  of 
Engineers  in  April,  1917,  mentions  what  he 
calls  the  method  of  variable  co-etficients, 
and  puts  up  a  very  pretty  theon-  of  values 
penetrating  to  various  depths  from  the  point 
sampled.  The  idea  of  variable  co-etiicients 
in  the  author's  opinion,  is  a  sound  one,  but 
he  will  endeavour  in  this  paper  to  develop 
it  on  a  logical  hypothesis. 

The  objects  of  these  different  methods 
of  adjustment  are  identical,  namely,  to 
airive  at  a  prediction  of  resulting  value 
which  will  come  within  reasonable 
limits  of  the  mill  results.  Numerous 
samples  are  taken  on  each  reef  in 
each  mine  every  day  for  the  puipose  of 
making  these  predictions.  The  results  of 
the  predictions,  all  will  agree,  are  not  com- 
mensurate with  the  time  and  money  spent 
on  the  sampling  and  assaying.  Experience 
has  shown  that  predictions  determined  on 
the  arithmetic  mean  of  the  samples  are 
invariably  in  excess  of  the  mill  return. 
One  is  led  to  the  conclusion  th'U  the  arith- 
metic mean  of  the  sampling  results  is  not 
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the  most  probable  mean.  We  shall  have  to 
zo  farther  and  see  whether  there  is  not 
-i>me  law  governing  the  distribution  of 
\  allies  which  will  enable  us  to  arrive  at  a 
iiiufh  closer  valuation  thin  has  heretofore 
lieen  possible. 

In    all    investigations    in    the    domain    of 

iihysical  science,  if  a  series  of  observations 

]  ■  for  determining  the  value  of  one 

unknown    quantities,    and    these 

\  at  ions  give  discordant  results,  it  is  of 

itmost  importance  tn  silvc  the  i^rolilcm 


their  effects  are  governed  by  no  fixed  law. 
The  problem  to  be  dealt  with  i<  to  combine 
them  so  that  unavoidable  irregular  errors 
may  have  the  least  effect  on  the  results. 
For  this  ])urpose  the  method  of  least  squares 
is  used  to  restrict  the  effect  of  irregular 
errors  within  the  narrowest  limits  according 
to  the  Theory  of  Probabilities,  and  deter- 
mine from  the  obsei-vations  themselves  the 
errors  to  which  the  results  are  probably 
liable. 

I  am  indebted  to  Drs.   J.   'M.   Troup   and 
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of  determining  the  most  probable  value  of 
the  unknown  quantities.  Each  observation 
is  a  measure  and  subject  to  error,  however 
carefully  it  may  have  been  made.  Errors 
may  be  constant  and  regular  or  accidental 
and  irreeular.  Constant  and  regular  errors 
may  l^e  investigated,  and  when  their  causes 
are  understood,  eliminated.  Accidental  and 
irreguhir   (^■nr.rc   liave  irregular  causes,    and 


Cr.  ]).  Maynard*  for  much  of  the  following: 
The  collection  of  facts  and  their  systematic 
study  is,  and  always  must  be,  the  founda- 
tion of  every  science.  By  observing  the 
frequency  with  which  one  event  is  asso- 
ciated with  another,  one  is  able  to  judge  the 

"See  "Modern  Statistical  Method-:,"  bv'  James  MacDona 
Troup,  .M..A.   St.  And..  B.A.,  M.B.,   I5.C.   Cantab,  and  G    Dare 
Maynard.    F.U.C.S,     Edin  ,     M.R.C.S.     Eng.,     L.R.C.P.    Lond 
Lanwt,  May  14,  1010. 
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lil<i'Iilio()d  of  ii  similar  lia])|)('iiin{^  in  like 
f'ircuinstances.  Miic  ((ilimins  of  fifrures, 
however  exuet  tliey  nia\  be  as  records  of 
fiiets,  are  hotli  useless  and  daiip;erous  if  they 
are  not  scientifically  analysed.  Fornuilse 
are  the  necessary  shorthand  of  every  science. 
Chance  occurrences  fall  into  a  definite  order 
when  a  sufficient  nuniher  of  them  are  exam- 
ined. Statistical  data  assume  correspond- 
luff  regularity  and  fall  under  a  similar  law 
of  distribution.  Correlation  is  a  very  im- 
portant branch  of  statistics.  It  was 
initiated  by  Calton  and  perfected  l)y  Karl 
Pearson.  It  is  the  means  of  mcasurini^  the 
interdependence  of  events. 

Theory  of  ProhahiUtij. — The  object  of  the 
theory  of  probability  is  to  obtain  accui'ately 
a  measure  of  the  likelihood  of  the  occurrence 
of  events  under  conditions,  some  of  which 
are  known  and  some  unknown.  The  prob- 
ability of  the  occurrence  of  an  event  is 
expressed  hy  a  fraction,  the  numerator  of 
which  represents  the  number  of  ways  an 
event  can  happen  and  the  denominator  the 
sum  of  the  luimber  of  ways  in  which  it  can 
happen  and  in  which  it  can  fail.  For  exam- 
ple, if  a  person  holds  one  ticket  in  a  lottery 
in  which  there  are  three  prizes  and  seven 
blanks,  the  number  of  ways  in  which  the 
event — winning  the  prize — can  happen  is 
three,  and  the  number  of  ways  in  which  it 
can  fail  is  seven.  The  probability  of  his 
winning  a  prize  is  therefore  /^.  The  prob- 
ability of  not  winning  a  prize  is  ^.  The 
probability  of  his  either  winning  a  prize  or 
not  winning  one  is  \^  or  imity  that  is  cer- 
tainty. The  measure  of  the  probability  may 
vary  from  unity — which  denotes  absolute 
certainty  of  the  occurrence — to  zero,  which 
means  absolute  certainty  of  its  non-occur- 
rence. If  a  coin  be  tossed  the  probability 
of  a  head  turning  up  is  \,  for  the  event 
can  only  happen  in  one  way  and  fail  in  one 
way.  Similarly,  the  })robability  of  a  tail  is 
I.  If  two  coins  be  tossed  tliere  are  four 
results,  viz.,  H.H.,  H.T.,  T.H.,  T.T.,  where 
the  first  letter  is  supposed  to  belong  to  one 
coin  and  the  second  to  the  other.  There  is 
therefore  one  result  in  which  two  heads  may 
turn  up,  one  in  which  two  tails  may  turn 
up,  and  two  results  in  which  one  head  and 
one  tail  may  turn  up.  The  respective  prob- 
abilities are  therefore,  no  heads  ^,  one  head 
and  one  tail  I +4  =  2'  ^^^^  ^^^'^^  heads  \.  By 
following  this  line  of  argument  it  may  be 
shown  that  if  three  coins  be  tossed  the 
different  possible  results  and  their  respec- 
tive probabilities  are  : —  0  heads  ^,  1  head  f , 


2  heads  iJ,  and  H  heads  \.  The  probabilities 
are  given  by  the  successive  terms  of  the 
expansion  of  tin-  binomial  (A  x  A)"  wheri- 
n-2,   '\,   A,   etc 

Take  ten  coins, 
probabilities  are  :- 

No.  of  heads. 


0 


If  tluuwn  the  respective 


obability. 

No.  of  htu'Js. 

Probabilitv. 

1 

6 

210 

1024 

1024 

10 

7 

120 

1024 

1024 

45 

8 

45 

1024 

1024 

120 
1024 

9 

10 
1024 

210 
1024 

10 

1 
1024 

252 

1024 

This  result  ma_y  be  represented  graphic- 
ally on  squared  j)aper.  The  horizontal  or  x 
axis  is  divided  into  equal  distances  to  repre- 
sent the  number  of  heads  turned  uj),  and 
the  vertical  or  y  axis  is  divided  on  some 
convenient  scale  to  represent  the  frequency 
with  which  tliese  events  occur.  If  the  above 
result  is  plotted  item  for  item  and  the  points 
joined,  we  shall  obtain  a  frequency  polygon 
to  represent  this  distribution  of  events. 
This  polygon  is  symmetrical  about  its  cen- 
tral ordinate. 

Take  another  example.  If  from  a  bag 
containing  40  black  and  20  white  balls,  10 
balls  be  drawn  at  random  these  may  be : 
1,  all  black;  2,  one  white  and  nine  black; 
3,  two  white  and  8  black,  and  so  on.  The 
chance  of  drawing  a  black  ball  is  to  that  of 
drawing  a  white  ball  as  2:1.  If  10  balls 
are  drawn  on  each  occasion  the  chances  of 
drawing  0,  1,2,  3,  etc.,  wdiite  balls  are  given 
by  the  consecutive  terms  of  expression 
(7  +  i)"'.  and  the  resulting  probabilities  are: 

No.  of  White  Balls.  Frequenov  per  10.000 

0  178 

1  867 

2  1,950 
8             2,601 

4  2,276 

5  1,366 

6  571 

7  163 

8  80 

9  3 
10                0 

This  polygon  differs  from  the  previous  one 


100 
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in  that  it  is  not  symmetrical ;  the  greatest 
ordinate  is  two  spaces  distant  from  the 
middle  of  the  base  and  the  polygon  tails  off 
to  the  right.  In  both  examples  the  ordin- 
ates  increase  in  magnitude  from  left  to  light 
till  the3^  reach  a  maximum,  and  then  decline 
again  until  they  almost  vanish.  The  maxi- 
mum ordinate  represents  the  frequency  of 
the  particular  arrangement  which  is  most 
likely  to  occur.  Thus  in  the  last  example 
there  are  more  likely  to  be  three  white  and 
seven  black  balls  than  any  other  combina- 
tion. If  a  sufficient  number  of  trials  be 
made,  all  the  different  combinations  will 
occur  in  perfectly  definite  proportions,  and 
will  be  distributed  according  to  a  definite 
mathematical  law. 

A  rare  event,  such  as  drawing  10  white 
balls  from  the  bag,  is  as  much  an  essential 
part  of  the  law  as  the  drawing  of  anj^  of 
the  more  frequent  combinations.  If  there- 
fore  in   a  large   series  of   events   the   rare 


event  does  not  occur  sufficiently  often  there 
would  be  ground  for  suspecting  some  unre- 
cognised factor  influencing  the  result  in  the 
same  way  as  if  it  occurred  too  often. 

If  now  instead  of  taking  10  coins,  50 
were  taken  for  experiment,  the  number  of 
sides  of  the  polygon  will  be  so  increased 
that  the  lines  joining  these  points  will 
appear  as  a  continuous  curve.  Such  a  curve 
is  known  as  a  "  frequency  curve."  The 
mode  of  a  frequency  curve  is  the  abscissa 
of  its  greatest  ordinate,  i.e.,  the  numerical 
value  of  the  combination  or  the  event  which 
occurs  more  frequently  than  any  other. 

The  mean  of  a  frequency  curve  or  polygon 
corresponds  to  the  abscissa  of  the  centre  of 
gravity  of  the  figure,  i.e.,  it  is  the  average 
of  the  abscissae  of  all  the  cases. 

The  mean  is  determined  by  multiplying 
each  abscissa  by  the  frequency  correspond- 
ing   thereto,    summing    the    products    and 
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•idinjj  this  sum  \)\  the  suiu  of  the  froqum- 
s.     Tims,   takiii;,'  our  first  I'xainjilo  : 
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A  clrise  approximation  to  the  general  ca^e  (?>  +  <?)" 
when  n  is  large,  is  given  by  the  curve 

N 

where  v^=   -~ 

<^  s'  1- 

and  X  being  the  total  frequency  while  ij=  Jnpn 
This  illustrates  the  change  from  the  dis- 
continuous binomial  to  the  continuous  cui've. 

Karl  Pearson  illustrates  the  position  of 
the  mean  by  imagining  the  various  frequen- 
cies as  weights  suspended  at  equal  dis- 
tances along  a  uniform  straight  rod.  The 
centre  of  gravity  of  the  rod  thus  weighted 
is  the  position  of  the  mean.  While  the 
terms  "  mode  '"  and  "mean""  we  strictly 
defined  as  abscissae,  i.e.,  lines  measured 
from  the  origin  along  the  axis  of  x — it  is 
sometimes  convenient  to  speak  of  the  points 
where  these  lines  terminate  as  the  position 
of  the  niode  or  the  mean. 

It  is  necessary  to  have  a  measure  of  the 
extent  to  which  a  distribution  is  spead  out. 
Frequently  two  distributions  when  com- 
pared may  have   the   same  mean,    but   the 
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dard  pcviai.  i,.  ,.,..i  ,-.  defined  as  the  squan 
root  of  the  mean  of  tin-  squares  of  all  the 
individual  deviations.  Calling  this  standard 
cr,  it  is  found  by  summing  the  frequencies 
of  the  events  multiplied  by  the  squares  of 
thi'ir  distancfs  from  the  mean,  dividing  by 
the  total  frequency  and  extracting  the 
square  root  rif  the  result. 

Suppose    we   take   the   example    used   for 
detennininj.'  the  mean,  we  have 
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deviations    fi'om    the    mean    may    be    very 
different.     This  measure  is  called  the  Stan- 


=  1-58 


1,024  2,560 
The  standard  deviation  of  a  distribution 
corresponds  to  the  radius  of  gyration  in 
dynamics.  The  standard  deviation  is  a 
measure  of  the  variability  of  any  particular 
distribution  and  is  a  concrete  number,  the 
magnitude  of  which  is  dependent  upon  the 
magnitude  of  the  classes.  If  we  wish  to 
compare  the  variability  of  two  different  dis- 
tributions we  must  reduce  their  standard 
deviations  to  a  common  base.  This  is  given 
by  the  co-efficient  of  variation  which  is  the 
percentage  of  the  standard  deviation  on  the 
ffxlQO 

mean      J  c       -      The     measure    ot 

'  '       mean 

skewness  is  the  difference  between  the 
mean  and  mode  divided  by  the  standard 
deviation.  The  skewness  is  positive  when 
the  mean  is  greater  than  the  mode. 

We  shall  endeavour  to  show  that 
freauency  of  occunence  of  events  fall  into 
dist"ributions  of  the  same  type  as  these 
purelv  chance  ones,  that  they  are  not 
chaotic  but  follow  definite  and  detenninate 
laws,  and  that  by  examining  the  nature  of 
a  particular  distribution  much  more  can  be 
learned  therefrom  than  appears  from  the 
ordinary  methods  of  statement.  The 
simplest  forai  of  curve  is  known  as  the 
'•Normal  Cur\e  of  Error."  Mathematicians 
en  the  assumption  that  there  is  a  large 
number  of  sources  of  error,  and  that  the 
results  are  equally  likely  to  be  positive  or 
negative,  have  shown  that  the  distribution 
cf'^the  final  errors  gives  a  particular  form  of 
cui-ve.       This  curve  is  symmetrical  about 
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the  mean,  ami  extends  indefinitely  to  the 
riglit  and  left  but  at  a  short  distance  from 
the  mean  becomes  asymptotic  to  the  axis 
of  X.  i.e.,  practically  coincident  with  it.  Its 
equation,   taking   the  ortlinate    through   the 

mean    as   the    axis   of    j/    is         ff^V^^     2^2 

where  (/„  is  the  greatest  ordinate,  and  o- 
the  standard  deviation.  Although  this  type 
of  curve  was  principally  studied  in  connec- 
tion with,  investigations  into  the  probable 
value  of  errors  of  observation  in  astronomv 
it  applies  to  a  number  of  statistical  distri- 
butions besides.  As  an  example,  we  shall 
consider  the  coin-tossing  experiment  already 
referred  to.  The  experimental  result  of 
tossing  10  coins  1,024  times  is  given  in  the 
annexed  table. 


Xa  of  headi. 

(U 

(•2) 

(3) 
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10 

10 
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30 
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45 
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120 

4 

232 
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210 

5 

248 

2.38 

252 

6 

196 

211 

210 

7 

108 

117 

120 

8 

37 

43 

45 

9 

14 

10 

10 

10 

0 

2 

1 

1,024  1,024  1,024 

For  the  sake  of  comparison,  this  table 
contains,  (1)  the  experimental  numbers; 
i'2)  the  numbers  given  by  the  curve 

y  =  258  .  e     ^ — x  „ 
^  2  X  2o 

(3)  the  theoretical  numbers  given  by  the 
expansion  of  the  binomial   {h  +  \V^- 

To  Prof.  K.  Pearson  is  due  the  cre<lit  of 
having  evolved  a  method  for  calculating 
the  constants  of  curves,  one  form  or  another 
of  which  can  be  applied  to  any  set  of  statis- 
tical figures  which  are  in  any  way  of  the 
nature  of  a  chance  distribution.  The 
system  of  curves  falls  into  three  main  types 
with  four  subsidiars'  types  which  are  limit- 
ing and,  therefore,  simpler  forms  of  the 
main  types.  The  same  fundamental  differ- 
ential equation 

\  dy     x  +  a 

y  d.i-     h„  +  byr  +  h...r- 

applies  to  all,  and  the  equation  which 
results  from  integratine  this  depends  upon 
whether  the  roots  of  the  quadratic 


are  real  and  of  like  sign,  real  and  of  different 
sign,  or  imaginary. 

In  the  case  of  reef  values,  we  cannot 
as-ay  every  bit  of  ore  which  comes  from  the 
mine,  and  have  to  be  content  with  sampling 
portions  of  the  whole.  If  these  samples  are 
to  give  reliable  results,  great  care  must  be 
taken  to  see  that  the  sample  is  strictly  a 
random  one,  that  is  to  say,  that  it  has  not 
in  any  way  been  selected  in  respect  to  value 
or  any  other  quality  that  is  associated  in 
any  degree  with  the  value  we  intend  to 
measure.  For  example,  if  we  intend  to 
study  the  distribution  of  values  in  a  reef 
it  would  not  be  right  to  select  only  the 
richest  or  poorest  stopes  for  study  of  section 
values.  Account  must  be  taken  of  all 
section  values  to  determine  the  weights  to 
be  attached  to  individuals.  If  we  wish  to 
know  how  far  the  results  calculated  from 
our  samples  may  be  taken  as  representing 
the  general  value,  i.e.,  if  we  require  a 
measure  of  the  degree  of  accuracy  with 
which  the  constants  of  the  sample  would 
agree  with  those  we  should  obtain  had  we 
been  able  to  deal  with  the  whole,  we  must 
find  the  probable  deviation,  which  is  defined 
as  the  limit  on  either  side  of  a  given 
measurement,  within  which,  it  is  an  even 
chance  that  the  true  value  lies.  The 
probable  deviation  of  the  mean  is  equal  to 

— ^jTi—'        This  shows  the  direct  relation  of 

the   size   of   the   probable   deviation   to  the 
standard  deviation. 

We  shall  imagine  that  we  are  in 
possession  of  a  perfect  sampler,  one 
who  has  had  a  very  wide  experience,  is 
!  conscientious,  and  has  as  far  as  possible 
eliminated  all  gross  errors  of  sampling.  The 
methods  he  has  employed  in  conducting  the 
actual  work  of  sampling  leave  nothing  to  be 
improved  upon.  Likewise  the  assaying  has 
been  conducted  as  accurately  as  possible. 
Will  the  results  obtained  from  this  sampling 
and  assaying  represent  the  value  recovered 
in  the  mill?  Usually  not,  and  the  estimate 
is  invariably  in  excess  of  the  mill  return. 
The  discordance  between  mine  estimate  and 
mill  return  is  not  entirely  due  to  deficient 
sampling,  but  in  a  large  measure  to  the 
want  of  appreciation  of  the  laws  governing 
the  weighting  of  facts.  Samplers,  as  a 
general  nde,  are  not  as  careless  as  they  are 
given  credit  for.  They  endeavour  to  per- 
form their  duties  to  the  best  of  their  abili- 
ties The  remedy  for  the  above-mentioned 
discordance    is   not    "  Sack   the   Sampler." 
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An  endeavour  should  ho  made  to  study  the 
causes  which  give  rise  to  these  discrepancies 
and  ninke  due  allowance  therefor. 

Kacli  3ear  thousands  of  samples  arc  taken 
on  each  reef  in  each  mine,  'j'he  arithmetic 
mean  of  stretches  are  taken,  and  thesi'  used 
to  determine  the  profilahihiy  or  otherwise 
t)f  each  particular  Mocjv.  Sliould  they  occur 
in  an  unprofitahli'  area  they  are  consigni'd 
to  the  lindx)  of  forgotten  things.  These 
sample  sections  have  cost  a  considerable 
amount  in  accumulation  and  shoulil  t)(> 
looked  upon  as  very  \aiuahlc  facts  Id  he 
made  the  fullest  use  of  in  future  estimates. 

In  this  paper  the  unit  of  value  will  be 
taken  to  be  the  inch-peimyweight,  that  is 
to  say,  a  value  occurring  over  a  width.  It 
will  assist  to  co-ordinate  the  ideas  if  we 
invariably  think  of  the  value  in  association 
with  the  width  over  which  that  value  occurs. 

A  close  study  of  the  distribution  of  values 
shows  that  when  arranged  in  order  of  inch- 
dwts.  the  frequency  of  occurrence  is  low  at 
zero,  rises  rapidly  to  a  maximum  and  then 
falls  gradually  as  the  values  increase  to  a 
limit  where  it  approaches  zero.  The 
frequency  of  occurrence  of  a  given  value 
may  be  thus  regarded  as  a  function  of  the 
value  itself. 

If  we  denote  a  given  value  by  "  a  "  and 
its  relative  frequenc}'  in  a  large  number  of 
cases  as  <p{(i).  When  a=o,  <p[a)  is  usually 
very  small,  it  then  increases  very  rapidly  up 
to  a  maximum  when  a=T>,  say,  so  that 
0(D)  is  the  greatest  frequency.  As  a  in- 
creases beyond  D  the  frequency  drops  and 
ultimately  approaches  zero.  If  we  denote 
the  relative  frequency  or  probability  of 
a  value  by  y,  7j=^(p(a),  may  be  considered  as 
the  equation  to  a  curve,  taking  a  as  abscissa 
and  y  as  oi"dinate.  It  remains  to  discover 
the  nature  of  this  curve.  In  deahng  with 
a  large  number  of  section  values,  if  there 
are  n  values  equal  to  a,  n^  equal  to  a*,  etc., 
and  the  whole  number  of  values  considered 
is  m,  the  probability  of  occuiTeuce  of  the 
values  are  respectively 

d){a)  =  —     <p{a^)  = 
'^^   '      my'       '      in 

and  the  sum  of  these  is 

n  +  iO-  + m 

m  ni 

The  continuity  of  the  curve  requires  that 
the  difference  between  the  successive  values 
of  a  should  be  infinitesimal,  hence  the 
number  of  values  of  a  is  infinite,  and  the 
probability  of  any  one  of  these  values  a  is 


infinitesmal.  To  meet  this  difficulty  it  may 
be  observed  that  if  a  finite  series  of  values 
n,  n\  a",  etc.,  be  expressed  in  the  suuillest 
unit  employed  in  the  sections  and  these 
values  are  arranged  in  order  of  their  magni- 
tude, they  will  be  a  series  of  consecutive 
integral  nund)ers.  The  probability  of  a 
value,  a  may  be  taken  as  the  probability 
that  the  value  lies  between  d  and  «-f-l,  and 
the  probability  of  a  value  lying  between 
(/  and  a  +  i,  say.  will  he  the  sum  of  the 
])robabilities  of  the  values  a,  (i  +  l,  a  +  2  .  . 
a  +  {i-l)  occurring.  If  /  is  very  small,  tiie 
probability  of  eacli  of  the  values  from  a  to 
(i  +  i  will  approximate  to  a,  and  their  sum 
will  differ  very  little  from  i<p(a).  As  the 
interval  diminslies  this  expression  becomes 
more  accurate,  hence  we  may  take  the 
infinitesimal  (In  for  /,  and  (p(n)fla  is  the 
rigorous  expression  for  the  probability  that 
a  value  falls  between  a  and  a  +  da.  It 
follows  that  the  probability  that  a  value 
falls  between  the  limits  n  and  h  ic  tlie  sum 
of  all  the  elements  <p(a)da  between  these 
limits,  and  is  expressed  by  the  integral 

[0 

I     (p{a)da 

J  a 

This  integral  between  the  extreme  limits 
of  value  and  thus  embracing  all  possible 
values  will  be 


J 


+  1 
-I 


(p{a)da=  1 


We  have  heretofore  assumed  that  the  func- 
tion <p{a)  is  to  be  zero  for  a^±l.  It  must 
also  be  added  that  since  the  probability  of 
any  value  greater  than  ±1  is  also  zero,  we 
should  have  to  determine  this  Junction  in 
such  a  manner  tliat  it  would  be  zero  for  all 
values  from  +  /  to  +  x:  and  from  -  /  to  -  X; 
The  obvious  impossibility  of  detei-mining 
such  a  function  leads  us  to  extend  the  limits 
^4-i  to   -t-cv  and  to  take 


/ 


-t-  = 


f{a)dii  =  1 


This  will  evidently  be  allowable  if  the 
integral  taken  from  +Mo  +  ex:  is  so  small 
as  to  be  practically  insignificant. 

The  Law  of  Errors  or  Simple  Gaussian 
Law  assumes  that  in  observations  made 
witli  care  b}^  practised  observers,  errors  in 
excess  and  errors  in  defect  arc  equally 
probable,  and  that  the  most  probable  value 
of  a  series  of  observations  of  the  same  thing 
i#   ^heir  arithmetic  mean.     The   expression 
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ne<l  to  represent  the  law  may  be  shown 

?>(')  =  ^* 

W!  denotes    the    theoretical    h> 

iiiency  of  occurrence  of  the  value  z. 

1 
h    denotes   — ir      where    e    is    the 

mean  of  all  the  values  considered, 
the   base  of   natural   log- 
In     statistics,     however,     it     frequently 

■  r  r.f-ns  that  the  chances  on  either  side  of 

mode  or  value  which  has  the  highest 
ency  are  not  symmetrical.  The  fall 
the  mode  may  be  less  rapid  than  the 

!.=j    thereto.     We   then   encounter  a  skew 

curve  of  frequency. 

This  curve  may  be  imagined  as  com- 
f>ounded  of  halves  of  two  symmetrical 
curves  associated   in  such   a  way  that  the 

■  *:on  of  the  mode  for  each  curve  is  the 

as  for  the  other  and  likewise  the 
:r-  juency.  The  mean  value  on  either  side 
of  the  mode,  however,  is  not  the  same. 

The  mode  is  determined  to  satisfy  tht; 
condition  that  the  mean  values  on  either 
side  thereof  divided  by  the  corresponding 
-I'ln  of  the  frequencies  are  in  equilibrium. 
.-,  let  e,  and  e'  be  the  mean  values 
r.^iow  and  above  the  mode  and  measured 
from  the  mode  and  »»,  and  w'  the  total 
h(■f^\^^■nr■]'■>  below  and  above  the  mode,  the 
a'rx^Vf   condition  becomes. 


This  gives  rise  to  the  Compound  Gaussian 
Law.  In  this  law  it  is  assumed  that^the  most 
frequent  value  or  mode  determined  by  the 
proportional  law  is  the  most  probable  value 
in  a  similar  way  to  the  assumption  of  the 
arithmetic  mean  in  the  Theory  of  Errors. 
On  f  imptions  it  may  be  shown  that 

the  -  for  th^>  curves  on  each  side 

of  th.';  rr.o<ifc  are 


J- 
^(c^)  =  '^e 


\^^l^ 


-  h'H'^ 


Another  hypothesis  may  be  constructed, 
supported  by  a  close  consideration  of  the 
distribution  of  values  which  indicates  that 
the  Compound  Gaussian  Law  is  an  approxi- 
":on  to  the  simple  law  of  distribution 
.  ^  is  termed  by  Fechner  the  Law  o: 
Assj'metry. 

The  theorj  of  the  subject  of  probability 
has  been  developed  with  a  fair  amount  of 
detail  in  order  to  show  that  when  event-s 
occur  with  apparent  promiscuity,  by  detailed 
study  the  occurrence  will  be  found  to  con- 
form to  some  law.  The  trouble  is  to  find 
the  law.  The  astronomer  investigates  every 
set  of  observations  in  order  to  test  the 
amount  of  credence  he  may  place  on  xh 
result.  He  determines  from  the  obsena 
tions  the  weight  he  may  attach  to  then; 
In  a  similar  way  by  the  study  of  sampl- 
values  for  a  particular  reef  or  mine  we  ma  - 
determine  from  the  frequency  of  the  occur 
rence  of  different  values  the  relative  weigi* 
we  may  attach  to  them  when  they  oecnr 
in  stopes. 

The  procedure  adopted  for  this  detemiin;i 
tion    is    to   take    all    the    recorded    sectic:. 
values   in  stopes  over  twelve  months   say 
Arrange  them  in  order  of  value   and  not- 
the    frequency    of    valnes    between    certair: 
intervals.     An  interval  of  50  incb-dwts.   :- 
a  convenient  unit  of  interval.     Determine 
the  mean  and  the  standard  deviation,  als 
the  mode  by  means  of  the  proportional  lau 
When  the  means  and  frequencies  below  an^i 
above  the  mode  have  been   determined   i  . 
finding  the  mode,  it  is  a  simple  matter  t 
calculate  the  theoretical  frequencies  foa*  each 
interval  of  value  by  the  equation 

y  =  'Z— e 

where  /»'=  -        ■  m}  =  sum     of     frequenci*:- 

A    /»  ' 

above  the  vnfAe,  m-=^sum  of  frequencit - 
above  and  below  the  mode,  S'=the  devia- 
tion of  any  value  above  the  mode.  e=base 
of  Neperian  logarithms,  e'^mean  of  values 
aV)ove  the  mode,  taking  the  mode  as  origin. 
Similarly,  the  portion  of  the  curve  frr 
valii'^-    K.  1r  tt    the  mode   is  found  from  th'^: 

-A  *2  2 
equatiGii  ?/=     L_j,g 

•J-r.m 


.Where  the  values  h^   and  /i'   must  satisfy    I       Here    /* 


1 


the  condition  h^m^=h^m^ 


m^ 


Sam    of    frequencies 
below  the  mode 
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t»  as  before=sum    of    frequpnrips 
and  below  the  mode. 


al)o\'i 


<•  -base  of  Ne|)erian  Loj^'iirithnis. 

K,=mean  of  values  below  the  mode  talc- 
ing the  mode  as  origin. 

When  the  ourve  has  l)een  determined  on 
till'  r)0  inch-dwt.  intervals,  the  frt-queneies 
I'di-  the  intermediate  values  are  obtained  by 
iiitt-rpolation  and  a  table  is  constructed  for 
inch-dwts.  with  the  corresponding  weight 
;ind  in-oduct.  This  is  illustrated  by  the 
H'conipanying  table  for  the  Battery  Reef  on 
ihf  West  Rand  Consolidated  Klines. 

West  Rand  Coxsol.  Mines,  Ltd. 
Battery  licef. 

Weight 
WeiijhI.  Inch.  Dwts. 

4-66  116-5 

8-69  651-8 

8-53  1066-3 

8-32  1456-0 

8-02  1804-5 

7-60  2090-0 

7-13  2317-3 

0-60  2475-0 

G-02  2558-2 


Inch 
Dxvts. 

25 
75 
125 
175 
225 
275 
325 
375 
425 


Inch 

Weltrht 

DwU. 

Wei),'-ht. 

Inch.  Dwu, 

475 

5 

42 

2574-5 

525 

4 

84 

2541-0 

575 

4 

23 

2432-3 

025 

8 

m 

2288-0 

675 

8 

13 

21130 

725 

2 

(13 

1907-0 

775 

2 

18 

1090-0 

825 

1 

80 

1485-0 

875 

1 

45 

r2(i9-0 

925 

1 

IC) 

1073-0 

975 

0 

92 

897-0 

1025 

0 

71 

728-0 

1075 

0 

55 

591-0 

1125 

0 

41 

461-0 

1175 

0 

31 

364-0 

1225 

0 

235 

288-0 

1275 

0 

16 

204-0 

1325 

0 

12 

159-0 

1375 

0 

086 

118-0 

1425 

0 

058 

83-0 

1475 

0 

04 

59-0 

To  illustrate  the  use,  suppose  we  have  a 
series  of  section  values  of  which  the  prob- 
able mean  is  required,  we  prrceed  thus  : 


F^EQUENCV  CURVE  DEDUCED  FROM  EMPIRICAL  POLYGON 
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Values. 

520 
340 
860 
730 
490 
1260 
1040 


Weights. 

4-898 
6-968 

I'O.JO 

2-58.3 
5-246 
0-1825 
0-662 


Products. 

2.547 
2369 
1337 
1887 
2570 
230 
689 


116-29 
•J  2  0965 


-526 


11629 

mean   therefore   is   526  inch- 


22-0965 

The   weighted 
dwts. 

The  mec-hanical  work  of  meaning  differs 
very  httle  m  amount  from  previous  custom. 
Weiglits  are  not  absolute  quantities.  They 
are  relative,  and  can  only  be  applied  when 
coiTelating    different    values    of    the    same 


thing.  When  we  wish  to  obtain  the  value 
of  a  stops  face,  we  may  have  ten  or  twenty 
samples  each  purporting  to  represent  the 
value  of  the  face.  Our  object  is  to  obtain 
the  most  likely  value  of  the  rock  from  the 
face.  We  take  what  is  termed  the  weighted 
mean  as  the  most  likely  value,  that  is  to 
say,  each  value  is  multiplied  by  the 
proportional  frequency  nf  its  occurrence 
among  the  samples  taken  in  the  past.  It 
is  not  possil)ie  to  obtain  a  weighted  value 
of  one  sample  since  that  is  the  only  evidence 
before  us,  and  there  is  nothing  from  which 
we  can  determine  the  absolute  probability 
thereof. 

The    prediction    oi*,     rather,     comparison 
of    estimated    gold    content    from    sampling 
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as  ii^'aiiist  inill  yield  pins  pulp  lias  hfcii 
tried  by  this  luftliod  uii  the  Van  l\yn 
(i.M.  J^state  during'  the  six  months  ending 
;Ust.  Deeeniher,  1(118.  AsMiiiiiii^'  llic  esti- 
mate to  he  loo,  the  actual  mill  \i(ld  phis 
pulp  has  been  : 

July     ...  ...  ...      lose. 

Au^'ust                  ...  ...  lO."")-] 

Soptemhef           ...  ...  lO.Vl 

October                 ...  ...  lO^'H 

November           ...  ...  102 '4 

l)e{'end)rr            ...  ...          'M)-H 

lit      heeembcr     the     employment     of     the 

method    on     six    dit'fereiil  mines  i;a\t'     the 

followin;^;  results  : — 

Van  Kvn             ...  ...         IMVH 

NeM-  Goch          ...  ...         8r)-2 

Mever  and  Charlton  ...  lOTT 

Aurora   West      ...  ...  104-2 

Koodepoort  United  ...         99-3 
West    Eand    Consolidated         94-2 

Illustr.\tions. 

1.  Probability  Polygons  for  coin  tossing. 
These  have  been  calculated  from  the  terms 
of  the  binoniinals  shown  on  each  polygon. 
It  will  be  seen  that  as  the  number  of  coins 
employed  is  increased  the  number  of  sides 
of  the  ])olygons  increase  until  they  approach 
the  fonn  of  a  continuous  curve.  The  dotted 
figure  is  an  actual  result  of  1.000  throws  of 
10  coins. 

2.  Polygons  illustrating  the  ))robable  fre- 
quency of  extracting  0,  1,  2,  3,  etc.,  white 
balls  per  10  or  50  drawn  from  a  vessel  con- 
taining black  and  white  balls  in  the  ratio 
of  2:1.  This  shows  tlie  skew  polygon  as 
distinct  from  the  sxnuiietrical  polygons  in 
the  last  illustration,  also  the  approach  of  the 
polygon  to  the  curve. 

3.  This  shows  two  curves  with  the  same 
mode  and  the  same  maximum  frequenc}', 
but  differing  in  standard  deviation. 

4  and  5  are  two  curves  deduced  by  the 
compouiid  Gaussian  Law  from  the  experi- 
ence of  the  sample  sections  for  the  vear 
1917. 

The  author's  thanks  are  due  to  Sir  George 
Albu,  Bart.,  the  Managing  Director,  for 
permission  to  reproduce  the  data  and  illus- 
trations from  actual  practice  on  the  mines 
of  the  General  Mining  and  Finance  Corpora- 
tion. 

The  method  is  in  its  initial  stages,  and 
some  unforseen  circumstance  may  occur  to 
show  that  the  premises  of  the  argument  are 
wrong.  The  results  up  to  the  present, 
however,  are  verv  encouraging.       Accuracy 


is  not  claimed  for  the  method,  but  the 
results  are  more  probable  than  those 
obtained   by   previous   jnethrtds. 

Criticism  is  cordiall\  invited,  as  tf)o  much 
importance  cannot  l)e  placer!  on  the  fact 
that  our  methods  of  valuation  need  improve- 
ment. 

Mr.  A.  E.  Hooper  (\'isH(ii/:  One 
appi'oaches  the  thorny  subji'ct  of  mine 
valuation  with  dithdence  and  mistrust  ot 
one's  judgment,  but  the  write)-  was  led, 
both  by  observation  of  the  ever- varying 
characteristics  of  reefs  and  zones  of  reef, 
and  by  the  unfortunate  results  attending 
some  of  our  mining  vi^ntures,  to  ask  himsrdf 
in  what  direction  a  method  should  be 
sought,  based  solely  on  scientific  lines  free 
from  personal  influence,  which  would  reveal 
both  the  value  and  intrinsic  merits  of  these 
reefs. 

The  method  of  Mr.  Denny,  j^erhaps  the 
most  sharply  defined,  had  the  fatal  defect 
of  (/  priari  assumption  of  pi'obability,  which 
in  effect  might  be  misleading.  After  much 
thought  on  the  subject,  the  writer  was  con- 
vinced that  the  mass  of  data  available  on 
most  mines  nmst  form  the  groundwork  of 
a  method  of  scientific  correlation  drawn 
from  the  internal  evidence  of  the  mine  itself. 

The  tirst  researches,  having  for  their 
object  the  application  of  an  exact  method 
to  assays  only,  proved  abortive.  The  facts 
were  there  and  the  theory  had  to  fit  them. 
Then  I  came  to  regard  these  data  as  an 
innnense  series  of  ol)servations  on  the  values 
of  tonnage,  from  which,  when  classified,  it 
was  possible  to  deduce  the  fre(]uency  of  the 
various  values,  and  consetiuently  the  ton- 
nages corresponding  to  them,  without  reilly 
interfering  with  a  single  observed  value. 

The  analysis  of  nearly  0,000  individual 
sampling  results  from  two  reefs  was  under- 
taken, drawn  from  the  working  places  in 
ore  reserves.  This  number  I  found  to  be 
in  the  particular  instance  sufficient  to 
stabilize  the  results,  and  reflect  the  actual 
conditions  in  the  mine.  As  a  matter  of 
convenience,  these  were  classified  in  ranges 
of  100  inch-dwts.  up  to  such  limit  where 
the  number  of  occun-ences  became  so  few 
as  to  justify  for  the  time  their  inclusion  in 
one  class,  and  of  course  the  reefs  were  kept 
distinct.  The  percentage  of  occurrences  in 
each  class  to  the  total  number  of  observa- 
tions was  taken,  and  consequently  gave  at 
once  the  percentages  of  tonnage  coming 
from  the  various  classes,  and  at  the  same 
time  threw  into  strong  relief  the  merit  and 
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peculiar  character  of  gold  distribution  of 
each  reef. 

In  plotting  these  data  for  each  reef,  the 
tonnage  weights  on  the  vertical  axis  and 
the  inch  dwts.  ranges  on  the  horizontal,  a 
series  of  points  defining  the  outline  of  two 
fairly  regular  curves  resulted,  constituting 
the  curve  of  probability  of  Value  Frequency 
for  the  particular  reef  in  question,  and  it 
became  an  easy  matter  to  find  for  any  range 
of  sampling  results  the  relative  frequencies 
or  weights  by  which  to  multiply  them  to 
obtain  the  coiTCct  result.  Each  individual 
result  being  multiplied  by  its  known  weight 
and  the  sum  of  these  multiplicands  divided 
l)y  the  sum  of  the  weights. 

A  further  examination  of  about  4,000 
development  results  to  ascertain  in  the  par- 
ticular reefs  whether  the  inci'ease  in  gold 
content  of  the  Pay  Eeserve  was  due  to  any 
particular  predominance,  showed  that  on 
the  whole  the  increase  in  value  was  due 
mainly  to  a  greater  frequency  of  the  middle 
categories. 

It  is  of  course  clear  that  frequencies  drawn 
from  the  whole  of  the  reef  are  inapplicable 
to  Pay  Eeser^-es,  as  it  is  the  aggregation  of 


good  values  in  particular  areas  that  consti- 
tute their  payability,  and  it  is  these  frequen- 
cies that  it  is  above  all  necessary  to  deter- 
mine. 

For  the  analogous  reason,  on  large  mines 
the  same  reef  often  has  well  marked  differ- 
ences in  the  gold  distribution,  which  should 
be  taken  account  of  by  a  sub-division  into 
sections  or  zones,  so  as  to  reflect  as  nearly 
as  possible  these  characteristics. 

It  remains  to  pi'ove  the  validity  of  the 
method  under  varied  conditions. 


NOTES   ON  THE   REMOVAL  OF   A 
VERTICAL   SHAFT  PILLAR. 

By  J.  Chilton  (Member  of  Council.) 


( Printed  in  Journal,   June,  1917.) 


Mr.  B.  C.  Forrest  (Assodaie):  In  the 
author's  paper  there  are  several  statements 
that  call  for  criticism,  as  they  seem  to  lead 
one  to  conclude  that  the  shaft  pillars 
advocated  by  mining  authorities  are  useless 
on  the  Rand,  whereas  the  figures  given  are 
by  no  means  convincing. 


TABLE. 


AUTHORITT. 

Area  of  Shaft  Pillar. 
Depth  of  Shaft  =  1,500  ft. 
Width  of  Seain  =  5  ft.  (assumed). 

FORMULA. 

A  =  Diani.  of  Circular,  or  side  of  .square  at  surface- 
S  =  Depth  of  Shaft  in  Feet. 

D  =  Diam.  of  Circular,  or  side  of  square  pillar,  in  feet. 
'W= Width  of  .Seam  in  feet. 

Square. 

Circular. 

Andre 

Sq.  Ft. 

99,000 

Sq.  Fc. 
78,000 

s 

D=    15  +  ^           =315  ft. 
5 

Fo.ster 

270,000 

212,000 

D=      6  7SW       =520  ft. 

Hughes 

2,250,000 

1,768,000 

D  =  S                     =1,500  ft. 

Lupton 

998,000 

784,000 

D=                                  =      999  ft.  rAnthor  unknown  to 

me) 

Merivale 

22,000 

17,000 

D=    66\/  300    =     147  ft. 

Pamley 

176,000 

139,000 

D-    45  +  ^           =     420  ft. 

Wardle          

164,000 

129,000 

D=    30  +  ^           =405  ft. 

Dron 

1,040,000 

817,000 

D=    A+2S          =1,020  ft. 

Roberton 

345,000        271,000 

D=      \+  jm   =587  ft. 

"Mining  Engineering," 
(London) 

257,000        202,000 

D=120  +  S\/    3=507  ft. 
5 
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The  author  says,  "  If  the  sizes  of  shaft 
pillars  liero  outlined  were  sufficient  with  the 
soft  thill  of  a  fOal  seam,  it  might  reasonably 
he  supposed  that  a  nuieh  larger  pillar  stand- 
ing on  I'.ard  (puirtzites  would  be  sutlicient  to 

resist "     This    statement    suggests, 

if  it  does  not  definitely  aHirra,  that  the 
()(),000  sq.  ft.  pillar  whieh  collapsed  at  the 
Village  Main  Reef  was  "  much  larger  " 
tluui  it  would  have  been  if  its  size  had  been 
(leterniincd  by  the  formula  of  any  of  the 
authorities  quoted,  whereas,  according  to 
the  table  given  by  the  aiithor,  it  was 
xnuiUer  than   any  except  Merivale's. 

When  they  are  all  expressed  in  the  same 
unit,  one  is  better  able  to  compare  the  size 
of  the  Village  Main  Reef  shaft  pillar  with 
that  of  one  based  on  the  several  rules  of  the 
authorities  quoted  by  the  author.  1  there- 
fore give  the  area  oif  a  pillar  demanded  by 
each  of  these  authorities  together  with  three 
others.  I  also  append  (see  table  pn  previous 
page)  their  resj^ective  rules  as  formulae,  be- 
cause my  figures  do  not  (piite  agree  with 
those  quoted  by  the  author. 

I  think  the  apparently  divergent  views  of 
the  above  authorities  are  not  so  remarkable 
when  we  i-emember  that  the  rules  were 
formulated  under  widely  varying  conditions. 

In  the  paper,  we  are  not  told  the  position 
of  the  Village  Main  Reef  shaft  with  respect 
to  the  boundaries  of  the  pillar;  nor  is  very 
much  information  conveyed  by  the  illustra- 
tions as  the  North  point  has  been  omitted, 
and,  as  Mr.  Woodbum  pointed  out,  the 
amount  of  pillar  left  on  the  rise  side  of  a 
shaft  should  be  greater  than  that  left  on  the 
dip  side.  After  a  considerable  amount  of 
research,  M.  Fayol  concluded  that  "  in 
stratified  deposits  the  zone  of  subsidence  is 
hmited  by  a  dome-shaped  figure,  having  for 
its  base  the  area  excavated,  the  extent  of 
the  movement  diminishing  the  farther  one 
departs  from  the  centre  of  the  area."  If  it 
were  possible  to  detei*mine  the  maximum 
height  of  such  a  dome  in  Rand  foi-mations, 
a  fairly  accurate  formula  might  be  deduced 
which  could  make  a  liberal  allowance  for 
"  draw." 

I  had  hoped  that  some  of  our  responsible 
engineers  would  have  told  us  how  they 
decide  M-hat  size  of  shaft  pillar  to  leave 
under  different  conditions,  as  it  seems  that 
too  often,  in  questions  such  as  this,  financial 
interest,  and  not  mining  science,  dictates 
the  policy. 


Obituary. 

Mk.     K.    Ci.     JJASKKTT. 

ll  is  regretted  that  the  nitluenza  epidemic 
lias  claiiiii'd  ancjtlier  victim  in  Mr.  Kdmiind 
(Iraham  iiaskett,  an  .\ssociale  of  the 
Society  since  January,  I'Jll.  Mr.  Jiaskett 
was  a  native  of  New  Zealand,  where  he 
conjmenced  his  metallurgical  career,  being 
connected  with  the  Talisman  Consolidated, 
the  Waihi,  and  the  Wjiihi  Grand  Junction 
Mines,  .\fter  working  up  to  the  position  of 
a  J:Jatter\  Superintendent,  he  came  to  South 
Africa  in  1910,  holding  various  appoint- 
ments at  the  New  Modder,  Modder  ]i.,  City 
and  Suburban  and  liietfontein  T.C.Ij.  In 
.\ugust,  1914,  he  left  South  Africa  to  take 
up  the  position  of  Reduction  Oflftcer  at 
I'restea,  Block  A,  West  Coast  nf  .Vfrica. 
This  position  he  resigned  on  obtaining 
a  commission  in  the  Nigerian  Regiment, 
serving  with  the  West  African  Frontier 
Force  until  nearly  the  end  of  the  war. 
Influenza,  together  with  pneumonia,  caused 
his  death  on  October  27th,  and  much  sym- 
pathy is  extended  to  his  relatives  in  their 
loss.  ^Ir.  Baskett  was  a  man  of  excep- 
tional attainments,  and  in  his  premature 
death  metallurgy  has  sustained  a  great  loss. 


]Mn.   Dakiel  Joseph  Pepler. 

The  death  is  recorded  of  yet  another 
victim  to  influenza  of  Mr.  D.  J.  Pepler, 
for  many  years  mill  manager  at  the  Fen-eira 
Deep,  Ltd.,  who  died  on  the  27th  October. 

Mr.  Pepler  was  devoted  to  his  work,  and 
contributed  to  the  discussion  on  nearly 
every  paper  dealing  with  milling  and  amal- 
gamation. He  also  devised  a  driving  device 
to  Challenge  Feeders,  which  was  described 
in  a  short  paper  printed  in  the  Journal  for 
August,  1907.  He  joined  the  Society  as  a 
member  in  September,  1899.  The  sincere 
condolences  of  the  Society  wiU  be  with  his 
widow  and  children  in  their  bereavement. 


Notices  and  Abstracts   of  Articles  and 
Papers. 


CHEMISTRY. 

Carbonisation  of  Co.\l. — "  Whilst  the  chief  aim 
of  high-temperature  carbonisation  is  the  production 
of  a  maximum  yield  of  gas,  the  aim  of  low- 
temperature  carbonisation  is  the  production  of  an 
easily  ignitable  coke  burning  brightly  ■with  practi- 
cally no  smoke.  In  addition,  from  coals,  cannels, 
shales,  and  lignite,  quantities  uf  oil  may  be 
obtained  varying  from  16  gallons  in  the  case  of 
coUiery  refuse  to  87  gallons  in  the  case  of  cannel. 
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Fmiii  these,  petrols,  burning  oils,  Diesel  oils, 
lubricating  oils,  paraffin  wax,  tar  acids,  and  a 
valuable  bituminous  pitch,  can  be  obtained.  The 
gas  is  '  stripped  '  to  recover  additional  petrol,  and 
this,  together  with  the  petrol  obtained  by  frac- 
tionating the  crude  oils,  gives  a  total  of  4  to  8 
gallons  of  petrol  per  ton  of  coal.  The  gas  after 
■  stripping '  is  used  as  retort  fuel.  The  above 
results  are  obtained  by  carbonisinj:  in  iron  retorts 
of  special  construction  at  a  temperature  from  !)U0° 
to  1.200°  F.  (480°  to  640°  C.)  and  under  a  vacuum 
of  10  in.  to  20  in.  of  mercury.  The  author  and  his 
colleagues  claim  to  have  established  the  fact  that 
5  in.  is  the  maximum  thickness  of  charge  for  low- 
temperature  processes,  and  have  on  hand  several 
large  installations,  in  all  of  which  retorts  taking 
1  ton  per  charge  of  fours  hours  will  be  installed." 
— F.  1).  Marsh.vll,  G'cs.  J.,  1917.  J.',(i,  46").— 
Jntiriiit/  of  till-  Sorirtif  of  CliftnicoJ  I itdift ri/,  Jan. 
15,    1918,  p.   2a.     (J.  'a.  AV.) 


Recovery  of  Potash  .\s  Bv-Phodllt  ok  the 
Cement  Industry.  —  "The  process  described 
l)reviously  has  been  applied  to  the  flue  du.st  from 
cement  kilns.  The  potash  present  can  be  liberated 
and  volatilised  completely  by  heating  felspar  mixed 
with  lime  for  one  hour,  on  a  laboratory  scale.  A 
similar  reaction  takes  place  in  the  cement  kiln 
between  the  constituents  of  the  charge  containing 
lime  and  potash,  and  a  greater  or  less  proportion 
of  the  latter  is  volatilised,  appearing  in  the  flue 
dust.  This,  when  fresh,  consists  of  sulphates, 
sulphides,  and  chlorides  r)f  potash,  soda,  and  lime. 
The  proportion  of  sulphides  is  greater  in  oil  or  gas 
fired  kilns.  Free  lime  is  present  and  the  extract 
is  alkaline.  Analyses  of  the  raw  mix  and  cement 
clinker  from  113  works  in  America  permitted  an 
estimation  of  the  amount  of  potash  recoverable. 
The  raw  mix  contained  from  0'2%  to  ri6%  of 
K,0  and  the  analyses  showed  that  the  weight  of 
potash  volatilised  per  barrel  of  cement  varied  from 
035  lb.  to  534  lb.  Omitting  plants  using  blast- 
furnace slag,  the  average  of  99  plants  was  209  lb., 
which  means  an  annual  production  for  the  United 
.States  of  about  87,000  tons  of  K,0  volatilised.  By 
electrical  precipitation  (f'ottrell  process)  99%  of 
the  flue  dust  can  be  precipitated,  but  as  the  lighter 
portions  are  richer  in  fjotash,  only  90%  of  tlie 
potash  is  thus  recoverable,  /'./'.,  78,000  tons  on  the 
above  basis.  When  the  kilns  are  coal-fired,  the 
proportion  of  soluble  potash  in  the  dust  is  lowered 
— 59'6%  in  one  case,  against  916%  in  an  oil-fired 
kiln.  Laboratory  experiments  show  that  the  process 
described  above — digestion  with  liirie  water  under 
pressure — renders  90%  of  the  potash  soluble  in 
2  hour  at  100  lb.  pressure  and  95%  after  8  hours. 
A,':suming  a  90%  yield  of  soluble  potash,  the  annual 
production  would  be  70,000  tons  or,  excluding 
plants  volatilising  less  than  1  lb.  K^,0  per  barrel, 
67,000  tons.  This,  however,  could  "be  materially 
increased  by  increasing  the  proportion  of  potash 
in  the  raw  mix.  Where  aluminiferous  cements  are 
made,  felspar  alone  can  be  added,  whilst  for 
silicious  cements,  felspar  and  a  suitable  proportion 
of  iron  ore  would  be  neces.sary.  In  one  case  the 
proportion  of  K/J  volatili.sed  was  increased  from 
38%,  to  65%  by  the  addition  of  salt  to  the  raw 
mix.  The  percentage  of  total  alkali  in  the  finished 
cement  was  thereby  reduced.  In  ajiother  works 
calcium  fluoride  was  u.sed  and  the  potash  driven  off 
as  potassium  fluoride.  On  leaching  the  dust  with 
hot    water   the    calcium    and    potassium    compounds 


reacted,  regenerating  the  calcium  fluoride  in  the 
insoluble  residue  and  leaving  the  potash  in  solution 
as  sulphate  or  carbonate.  The  insoluble  residue 
was  returned  to  the  furnace  and  in  this  way  the 
proportion  of  potash  volatilised  was  increased  from 
60%  to  90%.  In  some  works  the  jnoportion  of 
potash  volatilised  can  be  increased  by  raising  the 
temperature  of  the  25%  to  96%  and  it  is  con- 
sidered that  by  rational  working  tiie  lower  figures 
could  be  much  increased.  If  an  aveiage  yield  of 
soluble  potash  equal  to  about  50%  could  be  attained 
— and  experience  shows  this  is  possible — then  an 
annual  production  of  100,000  tons  of  K^,0  could  be 
realised.  The  treatment  of  cement  flue  dust  by 
electrical  preci])itation  and  recovery  of  soluble 
l^otash  is  being  rapidly  extended  in  American 
plants." — W.  H.  Boss  and  A.  I?.  Merz,  /.  [nd. 
and  Kmj.  (Jhem.,  1917,  9,  1035-1038.- /o(/r/io/  of 
the.  Societi/  of  ('livinicul  Indii-itn/,  Jan.  15,  1918, 
p.   9a.     (j;  A.   W.) 

Manganese  in  West  Africa. — "  The  cutting  off 
or  curtailment  of  the  supplies  of  manganese  ore 
from  Russia,  India,  and  Brazil  has  rendered  the 
development  and  exploitation  of  other  more  access- 
ible sources  of  very  great  importance.  The  man- 
ganese deposits  at  Dagwiii,  near  Taquah  in  the 
Gold  Coast  Colony,  which  were  discovered  by  the 
Government  Geologist  in  1914,  have  recently  been 
taken  seriously  in  hand,  and  it  is  a  fortuiaate 
circumstance  that  ore  is  found  only  200  yards  from 
the  Seccondee-Coomassie  railway,  at  about  33 
miles  from  Seccondee.  At  this  point  massive 
outcrops  of  i)silonielane,  with  a  little  pyrolusite, 
are  found  on  the  crest  of  a  ridge  running  N.E. 
for  about  2^  miles,  and  containing  42 — 53%  of 
manganese.  Similar  ore  also  occurs  further  still 
to  the  N.E.  Up  to  July  31,  1917,  20,600  tons 
had  been  shipped,  having  an  average  content  of 
52%  manganese,  4'6%  iron,  4%  silica,  and  0'11% 
phosphorus ;  and  the  total  shipments  up  to 
November  28  last  ran  to  30,747  tons.  Many 
difficulties  have  been  met  with,  such  as  labour 
shortage,  the  clearing  of  jungle,  and  high  transport 
charges  (railage  to  the  coast,  33  miles  away,  is 
7  shillings  per  ton,  lighterage  6  siiillings  and  6 
pence,  freight  60  shillings,  plus  a  10%  war  tax), 
but  about  5,000  tons  of  ore  per  month  can  now 
be  mined  and  shipped.  Although  no  accurate 
estimate  of  the  extent  of  the  deposits  can  be 
made,  the  authorities  are  satisfied  that  a  huge 
tonnage  is  available." — Jniinial  of  flic  Societt/  of 
C/trniira/  Ind  ii-tit/,  Feb.  15,  1918,  p.  57r. 
(J.   A.   W.) 


Gravimetric  Determination  of  Potassium  by 
Sodium  CJobaltinitrit'E.— "The  solution  ofi  the  potas- 
sium salt,  containing  about  0"25  gm.  of  potassium 
chloride  and  free  from  other  bases  except  sodium, 
is  evaporated  to  25  cc.  and  treated  with  25  cc.  of 
sodium  cobaltinitrite  solution  (cobalt  nitrate,  28'6 
gm.,  glacial  acetic  acid,  50  cc,  sodium  nitrite, 
180  gm.,  water  to  1000  cc).  After  18  hours,  the 
precipitate  is  collected,  washed  with  10%  acetic 
acid,  then  once  with  95%  alcohol,  dried  at  100°  C., 
and  weighed.  The  weight  is  multiplied  by  0'2074 
to  obtain  the  quantity  of  K.O  present.  The 
method  is  accurate  and  may  be  applied  to  ferti- 
lisers, soils,  wines,  etc." — C.  V.  Garola  and  V. 
Braun,  Ann.  FaUif.,  1917,  Id,  572-57o.'—/oyrnaf 
of  the  Socif'Ji/  of  fhcmirrd  Indu-itnj,  March  30, 
1918,   p.    168a.'     (J.    A.    W.) 
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METALLURGY. 
I'LATi.vvM  :    Table  ok   Wound's  I'ltouufTioN   and 
Prices    Only. — "  The    fullowintc    table    sliow.s    the 
world    production    of    |)latimiin    in    recent    years,    in 
Irov   ounies  : 
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price    per    troy    ounce    of    n^ fined    iiiet<ih< 
of   phitiniim    group,    1914-1917. 


M<tat. 

1914        1915 

1916        1917 

Platinum 

185/-       •226/- 

345/-       423' 

Iridium 

267/-       341/- 

386/-       617/ 

Iridnsmiiie     (iridio 

osmium) 

136/-       144/- 

185/-       329/ 

Palladium 

181,-       230/- 

275/-       452/ 

— Journal    of     the 

Societij    of    Chemical    In(lu<trij 

Sept.    16,    1918,   p. 

339R.      (J.    A.    W. 
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Loss  OF  Quicksilver  in  Gold  Mills. — "  The 
death-knell  of  the  stamp-mill  and  the  amalgamation 
process  has  been  so  often  and  so  loudly  rung  by 
vendors  of  rival  machines  and  inventors  of  rival 
processes  that  one  might  almost  suppose  them  to  be 
obsolete  by  this  time.  Stamp  mills,  however, 
continue  to  crush  nearly  all  the  gold  ore  in  the 
world,  and  amalgamation  is  responsible  for  about 
a  quarter  of  the  gold  produced  in  the  United 
States,  and  for  a  still  larger  pro}iortion  of  that 
extracted  abroad.  Mercury  therefore  maintains  its 
importance  in  gold  metalluriiy.  though  at  the 
present  high  price  there  is  a  natural  and  increasing 
tendency  to  substitute  non-amalgamation  processes 
wherever  possible. 


Much  of  the  mercury  u.sed  in  the  Rtamp-mill, 
whether  fed  into  the  mortar  or  sprinkled  on  tin- 
plates,  is  collected  again  in  the  form  of  amalguni 
and  condensed  when  the  latter  is  '  retorted.'  Only 
a  trifling  amount  remains  in  the  retorted  s[)onge, 
to  be  volatilized  ami  lost  in  melting  the  bullion. 
A  larger  amount  is  carried  off  in  the  tailing,  mostly 
mechanically  as  floured  <iuicksil\er  or  amalgam, 
but  partly  in  the  form  of  <ini<-ai'H  on  the  surface  of 
particles  of  ore,  and  sometimes  jmrtly  converteil 
into  oxide  or  sulphide.  Some  of  this  accumulates 
in  odd  corners,  or  is  caught  in  traps,  and  cleaned 
up  fi'om  time  to  time.  In  the  cyanide  process  jiart 
of  the  merturv  in  the  tailing  is  dissolved,  re  appear- 
ing later  in  the  precij)itate,  from  which  it  is  some- 
times profitable  to  recover  it  by  distillntion.  A 
certain  irrecoverable  loss  occurs,  principally  in  the 
tailing,  but  in  modern  mills,  operating  on  low- 
grade  gold  ores,  the  loss  per  ton  crushed  usually 
ranges  from  about  0005  to  001  lb.  avoirdupois,  or, 
say,  007  to  015  oz.  troy.  At  the  prices  current 
for  some  years  befoie  the  jiresent  war  the  cost  of 
an  ounce  of  mercury  averaged  4  cents,  a  flask 
containing  about  1,100  oz.  troy.  Since  the  outbreak 
of  the  war  the  price  has  more  than  doubled, 
averaging  about  8  to  10c.  per  oz.,  and  at  times  has 
been  much  higher.  In  former  times,  when  milling 
high-grade  ores  with  small  plate-areas,  the  losses 
were  often  much  larger,  while  the  various  amalga- 
mation processes  (pan,  patio,  barrel,  etc.)  ajiplied 
for  treating  rich  silver  ores,  consumed  enormous 
amounts,  both  mechanically  and  chemically, 
especially  in  the  days  when  mercury  was  allowed 
to  act  both  as  reducing  agent  and  collector,  directly 
replacing   silver   in   the   compounds   treated. 

The  accompanying  table  is  the  result  of  an 
attempt  to  collate  some  of  the  available  data  on 
the  consumption  of  mercury  in  stamp-mills  of  \yt\.h 
past  and  present.  The  endeavour  has  been  mad' 
to  reduce  all  figures  to  the  basis  of  troy  ounces  of 
mercury  per  short  ton.  In  a  few  instances  the 
original  writers  have  not  specified  clearly  what 
sort  of  ounce  or  ton  they  meant,  but  the  errors 
possibly  introduced  in  this  way  are  not  of  serious 
importance    (see    table    below). 

Older  data  on  Australian  mills  are  given  by  A. 
G.  Lock,  '  Gold  :  Its  Occurrence  and  Extraction," 
pp.    638  and    1019. 

A  few  special  cases  involve  conditions  different 
from  ordinary  stamp  mill  practice,  and  may  be 
separately    considered. 

Not  much  information  is  available  as  t<»  the 
relative  amounts  of  mercury  used  in  the  mortar, 
on  the  plates,  etc.,  but  some  data  have  been 
published  on  the  practice  at  the  Homestake  and 
Alaska  mills  The  former  use  inside  amalgamation 
and  have  an  unusually  large  outside  plate  area, 
averaging  240  sq.  ft.  per  5-stamp  battery ;  the 
latter,  before  aband.ming  the  use  of  mercury,  al.so 
amalgamated  in  the  mortar,  each  5-stamp  battery 
having  a  plate  of  45  sq.  ft.  surface  and  two  vanners 
carrving   18-in.    plates. 

The  ultimate  consumption  or  loss  of  mercury  is 
no  doubt  influenced  to  some  extent  by  the  richness 
of  the  ore.  bv  the  area  and  slope  of  the  plates, 
and  the  relation  between  their  width  and  length, 
but  more  by  the  condition  in  which  they  are  main- 
tained as  'to  'drvness'  or  'hardness.'  Other 
factors  are  manner  of  feeding  the  mercury,  whether 
into  the  mortar  or  outside  only,  the  frequency  of 
removing  amalgam  and  dressing  or  brushing  the 
plates,  the  kind  of  traps  used  and  the  attention 
paid  to  them.     The  nature  of  the  ore  treated,  apart 
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from  its  gold  content,  is  also  an  important  factor, 
pyritic  minerals  generally  tending  to  increase  the 
loss.  In  small-scale  laboratory  tests  it  is.  however, 
noticeable  that  highly  sulphuretted  ores  often  cause 
less  flouring  and  fouling  of  the  mercury  (commonly 
due  to  formation  of  a  film  of  sulphide)  than  those 
cont<iining  a  smaller  proportion  of  sulphide 
that  is  in  a  partly  oxidized  condition.  Pyritic 
concentrates,  when  run  through  a  mill  after  be- 
coming partly  oxidized  by  storage,  cause  rapid 
discoloration  'of  plates.  No  particular  sulphide, 
speaking  generally,  seems  to  cause  more  fouling  of 
the  mercury  than  another,  though  in  individual 
mines  or  districts  such  an  effect  may  be  apparent. 
Ouicl-silver  Used  and  Lost  in  Homcstake  Mills 
{C.    and   S.) 

Low-         Fair- 

g:rade        srrade 

oxi-  unoxi- 

Character  o(  Ore.  Average.       d\/.e<\.        dized. 

Fed  to  mortar,  oz.  per  ton      030*       0-27t      0-33* 

Recovered   from   retort      ...       037        018        050 

I^^s  0132      0085      0-17 

Gold   amalgamated  per  ton     $292       $V93       $3-70 

♦Additional  mercury  was  sprinkled  on  o\itside 
plates,  and  used  in  cleaning  up. 

+An  additional  O^OS  oz.  mercury  on  outside 
plates. 

Distribution    of    QuicksilveT 

Mill 
Fed   to  mortar,   oz.    per  ton 
Plates 

Vanner   plates 
Cleaning   amalgam 

Total    used 
Loss 

W.    J.    Sh.\rwood. — Mining    and    Scientific    Press, 
April  G,  1918,  pp.  483-485.     (H.   R.  A.) 

CvANiDiNG  IN  West  Africa.  —  ''Details  of 
Practice  in  Cyanide  Department. — Eight  300-ton 
collectors  received  the  sand  from  the  Wilfley  tables 
through  Butters  &  Mein  distributors,  and,  when 
full,  were  discharged  by  hand  on  to  a  belt  con- 
veyor feeding  18  cyanide  vats  of  250-ton  capacity. 
Three  stock  solutions  were  employed,  namely  : 
strong,  running  0-25°o  KCN  ;  medium,  0-15% 
KCS  ;  and  weak,  0-08%  KCN.  The  requisite 
additions  of  cyanide  were  made  to  the  strong  sump. 
During  the  charging  of  a  vat  250  lb.  of  lime  was 
added  and   100  lb.   more  used  as  a  cover. 

The  treatment  cycle,  which  required  5-^  to  6^ 
days,  was  as  follows  : 

i.  Pump  up  first  strong  solution ;  leach  until 
effluent  has  a  cyanide  content  of  0'05%  ;  shut  cock 
for  six  hours ;  pump  up  enough  to  keep  surface 
covered    (about   90   tons   of   solution). 

2.  Open  cock,  drain  dry ;  dig  over  surface  as 
soon  as  dry  enough  to  stand  on ;  pump  second 
strong  solution ;  when  leaching  freely  shut  cock 
for   six   hours   (about  70  tons  of   solution). 

3.  Open  cock,  drain  as  in  (2) ;  pump  medium 
solution ;  shut  cock  for  six  hours  (about  70  tons 
of  solution). 

4.  Pump  weak  solution  (about  175  tons  of 
solution). 

5.  Pump   as  much  water  as  possible. 
Graphite      Caused      Premature      Precipitation.  — 

Trouble  was  experienced  from  graphite  present  in 


tlie  sand.  As  di-ssulution  of  the  gold  and  its 
jnemature  precipitation  take  place  simultaneously, 
it  wduld  seem  preferable  to  omit  any  step  which 
involves  the  closing  of  the  leaching  cock.  A  higher 
recovery  would  ]iossibly  have  been  made  if  a 
greater  volume  of  solution  had  been  drawn  through 
the    charge    within   the    same    time    limits. 

In  making  a  clean-up,  the  following  order  was 
pursued  :  Sliut  off  the  solution,  add  10  lb.  of 
KCN  to  the  head  of  the  box  and  run  a  moderate 
stream  of  water  through  for  two  iiours.  The  fine 
gold  slime  were  transferred  to  two  Johnson  presses 
by  means  of  a  suction  pump.  The  long  zinc  was 
scrubbed  in  the  clean-up  vat ;  the  short  zinc  and 
slime  below  the  screen  in  each  compartment  were 
carried   to  the   acid   vats  in  buckets. 

Following  is  a  record  of  a  clean-up  taken  at 
random  : 

First  day — Box  1  :  eight  15  cub.  ft.  compart- 
ments, 62  lb.  of  zinc  in  each ;  box  2  :  eight  15 
cub.  ft.  compartments,  57  lb.  of  zinc  in  each ; 
box  3  :  eight  10  cub.  ft.  compartments,  40  lb.  of 
zinc  in  each.  One  pound  of  lead  acetate  was  used 
for  every  80  lb.  of  fresh  zinc.  Sixteen  carboys 
of  acid  were  required. 

.Second  day — Box  4  :  14  cub.  ft.  per  compart- 
ment, 60  lb.  zinc  per  compartment ;  box  5:11  cub. 

Used    in    Alaskan  Mills   (12) 
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00143 
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0-0164 

0-0114 

0-0015 

00012 
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0-0018 

0-0238 

0-0268 
0-2165 

0-0534 

0-0344 

0-1905 

0-2221 

0-1854 

0-2189 

0-0690 

0-0820 

0-0770 

0-0470 

0-0600 

ft.  per  compartment,  42  lb.  zinc  in  each ;  box  6  : 
11  cub.  ft.  per  compartment,  42  lb.  zinc  in  each. 
Seventeen  carboys  of  acid  were  used,  and  for 
every  60  lb.  of  fresh  zinc  1  lb.  of  lead  acetate  was 
also  used. 

In  .smelting  the  precipitate,  on  the  first  day,  45 
lb.  of  borax,  10  lb.  of  sand,  5  lb.  of  sodium  bicar- 
bonate, and  5  lb.  of  potassium  permanganate  were 
used  to  flux  8-2  lb.  of  gold  slime,  from  which 
360  oz.  of  bullion,  valued  at  $5,250,  was  obtained. 
On  the  second  day,  25  lb  of  borax  and  5  lb.  each 
of  sand,  sodium  bicarbonate  and  potassium  perman- 
ganate were  u.>ed  for  44  lb.  of  gold  slime,  yielding 
117  oz.  of  bullion  valued  at  $1,600.— P.  T.  "Bruhl. 
— Engineering  and  Mining  .Journal,  Julv  13,  1918. 
p.   54.     (H.   A.   W.) 


Chemicals  Used  in  Ore  Flotation. — "  The  use 
of  flotation  agents  other  than  oils  is  discussed. 
Sulphuric  acid  often  produces  a  cleaner  frtjth  and 
an  increase  in  extraction,  and  sometimes  allows 
of  reduction  in  the  proportion  of  oil  used.  The 
cause  ot  the  improvement  is  unknown.  With 
certain  partly  oxidised  copper  ores,  acid  is  fatal  to 
good  flotation.  Copper  sulphate  (1  lb.  per  ton  of 
ore)  has  caused  higher  recoveries  of  zinc  blende  in 
many  cases,  though  not  invariably.  Probably  the 
blende  particles  become  coated  with  copper 
.sulphide,  but  the  rea.son  why  the  filmed  particles 
float  better  is  not  known.  Sodium  carbonate  or 
hydroxide  is  used  in  many  mills,  but  beyond  the 
fact  that  the  results  are  improved,  very  few  obser- 
vations on  their  mode  of  action  have  been  reported. 
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Sodium  silicate  aiul  aiilpliide  aio  als(j  einpluycd. 
Tlie  last  named  acts  by  coating  oxido  ores  witli 
a  film  of  siilpliidc.  Lime  is  not  so  desirable  as 
sodium  compuunds  ;  unlike  the  latter,  it  usually 
flocculates  tlie  ^i^au^ue  slime.  Tartaric  and  citric 
acids  are  mentioned  in  Kuj;.  I'at.  17,.'i"_'7  of  1911  ; 
Ul  lb.  to  0"25  lb.  of  argul  per  ton  of  ore  has  been 
used  with  success  on  copper  ores  containing  much 
clayey  matter.  The  use  of  silicoduorides  is  claimed 
iu  Euj;.  I'at.  4,938  of  191 1  as  a  substitute  for  acids. 
Sodium  manj^anatc  and  chromate  are  recommended 
for  differential  flotation  ;  they  could  be  made 
cheaply  by  fusing  local  manganese  or  chromium 
ores  with  soda.  Sulphur  dioxide,  and  sodium 
sulphate  or  thiosulphate  in  sufKcient  amounts 
iidiibit  flotation.  Chloride  of  lime  is  said  to  effect 
differential  flotation  of  blende  fr(mi  pyrite.  Sodium 
cyanide  has  been  found  deleterious  to  flotation  in 
most  cyanide  mills  in  which  tailings  have  been 
tested." — O.  C.  Ealston  and  L.  D.  Yundt,  /.  Ind. 
and  Enij.  Cfiim.,  1917,  !),  I0o8-\OG2.— Journal  of 
the  Societi/  of  Chemical  Industry,  Jan.  15,  1918, 
p.    12a.     (J.    A.    W.) 

MINING. 

Formulas  for  Mine  Valuation. — Mr.  W. 
W'hitton,  in  the  Mining  and  Scientific  Press, 
May  18th,  1918,  writes  : — "  The  tables  in  common 
use  for  the  valuation  of  mines  are  based  on  what 
is  commonly  known  as  the  Hoskold  formula. 

In  this  paper  I  have  undertaken  to  show  that 
this  formula  does  Jiot  correctly  represent  the 
algebraic  relationship  between  the  several  quanti- 
ties recognised  as  entering  into  the  valuation  of  a 
mining  investment,  and  that,  at  ordinary  rates  c/f 
interest  and  usual  years  of  life,  the  factors  based 
on  the  Hoskold  formula  are  iu  error  by  as  much 
as  20% 

The  Hoskold  formula  attempts  to  express  the 
algebraic  relationship  between  present  value  or 
capital,  rate  of  interest,  and  the  term  or  years  of 
life  of  a  mining  investment.  By  so  doing  the 
attempt  is  made  to  place  mine  valuation  upon  the 
same  basis  as  the  ordinary  investment  of  capital, 
as  for  instance  the  jjurchase  of  a  mortgage  or  a 
bond.  On  investing  capital  in  a  bond  the  years  it 
has  to  run  is  not  a  matter  of  great  importance, 
because  the  investor  understands  that  a  sinking- 
fund  is  being  created,  which,  at  the  expiration  of 
the  term,  will  restore  the  capital.  A  mining  invest- 
ment, however,  is  of  the  class  known  as  a  wasting 
asset,  or  of  that  class  in  which  the  payment  ot 
returns  on  the  investment  necessarily  results  in 
the  destruction  of  the  property  in  which  the  capitnl 
is  invested.  Hence  the  term  or  years  of  life  of  the 
mine  is  a  matter  of  vital  importance.  Other  classes 
of  investments  give  at  least  some  guarantee  of  t 
return  of  capital,  and  it  would  be  desirable  that 
mining  as  far  as  possible  should  be  placed  upon 
the  same  basis  ;  we  should,  therefore,  in  theory  at 
any  rate,  provide  for  the  return  of  the  capital  to 
an  investor,  as  well  as  allow  for  the  payment  of 
interest  according  to  the  risk  assumed. 

Mining  companies  do  not  generally  establish  a 
sinking-fund  that  will  return  the  capital  to  an 
investor.  Possibly  they  should  do  so,  as  has  often 
been  claimed;  but  it  appears  that  this  should  be 
left  to  the  investor,  except  in  special  cases.  During 
the  early  stages  of  the  development  of  a  mine  the 
stock  may  be  worth  intrinsically  but  a  small 
fraction  of  its  par  value  :  likewise,  when  the  pay- 
ments   of   large    dividends    are    assured,    the    same 


stock  may  bo  worth  many  times  the  par  value 
Investors  may  have  purchased  stock  throughout  the 
entire  range  of  prices,  and  the  mine  (,(iicialii  liave 
no  way  of  deteimining  the  price  at  which  stock  was 
a((]uired.  Therefore  the  attempt  to  provide  for 
the  return  of  capital  by  mining  companies  seems 
to  be  improper,  but  it  is  none  the  less  a  matter  <.f 
importance  to  the  individual  investor.  Hoskold 
appears  to  have  been  one  of  the  first  engineers  to 
recognise  this  principle  in  mine-valuation,  and  he 
has  shown  that  each  dividend  received  by  the 
investor  is  to  be  regarded  as  composed  only  in  part 
of  interest  on  the  investment,  and  that  the 
remainder  in  theory  nuist  be  .set  aside  to  provide 
a  sinkifig-fund  that  will  return  the  capital  at  the 
exhaustion  of  the  mine.  In  other  words,  this 
balance  is  to  be  regarded  as  an  installment  to  be 
paid  annually  into  the  sinking-fund,  and  this 
portion  must  be  of  such  amount  that,  when 
re-invested  in  a  safe  security,  as,  for  example,  when 
deposited  in  a  bank  at  4",,  compound  interest,  it 
will  amount  to  the  sum  originally  invested  at  the 
time   of   exhaustion   of   the   mine. 

This  theory  of  the  formation  of  the  sinking-fund 
may  be  made  clearer  if  the  investor,  in  the  case 
given  by  Hoskold,  will  regard  the  capital  he  has 
put  in  the  mine  as  a  '  loan '  to  the  mine.  The 
mine  as  the  '  borrow-er '  is  to  pay  a  proper  rate 
of  interest  on  the  loan,  and,  of  course,  must  return 
the  amount  borrowed  to  the  lender.  In  view  of  the 
fact  that,  on  the  exhaustion  of  the  mine  the 
'  borrower''  will  be  powerless  to  return  the  capital 
to  the  lender,  each  dividend  must  consist  of  interest 
and  an  additional  amount  sufficient,  if  reinvested 
at  compound  interest  at  4%,  to  equal  the  amount 
borrowed  when  the  mine  is  exhausted  and  dividends 
cease. 

Upon  this  Hoskold  has  based  his  formula ;  it 
is  sound  in  theory,  but  as  an  hypothesis  it  is 
incomplete.  There  are  several  ways  in  which  tlie 
amounts  paid  as  interest  and  those  paid  into  the 
sinking-fund  may  be  apportioned,  and  also  in  which 
the  sinking-fund  may  be  accumulated.  Hoskold's 
hypothesis  is  that  interest  is  to  be  paid  at  the 
stipulated  rate  on  the  entire  sum  originally  invested 
during  the  total  life  of  the  mine  ;  this  requires  a 
constant  amount  of  interest  each  year  to  be  taken 
out  of  the  dividend,  hence  there  is  a  constant  instal- 
ment paid  annually  into  the  sinking-fund.  I  regard 
this  division  of  the  dividend  between  interest  and 
sinking-fund  as  incorrect,  and  .shall  attempt  to  so 
demonstrate.  The  algebraic  quantities  entering  into 
the  deduction  of  the  Hoskold  formula  are  as 
follows  : 

7=  the  rate  at  which  the  sinking-fund  instalments 
are  to  be  placed  at  interest.  This  is  taken  at 
both  3^  and  4°o  in  the  United  States :  in 
England,  rates  of  3  and  3^%  are  used.  For 
4%  7  =  0-04. 
t  =  the  rate  to  be  realized  on  the  investment.  This 
may  varv  in  practice  from  4  to  30,  or  even  40°,',. 
It  is  itself  composed  of  several  factors.  It  must 
be  greater  than  ;,  the  rate  that  can  be  realised 
safely  on  an  investment  with  practically  no  risk 

of  losing  the   capital 

r/  =  the  amount  of  annual  dividend   (in  dollars). 
;(=the  term  of  the   investment  or  years  of  life  of 
the   mine. 

l'  =  the  present  value  of  the  investment 

The   equation   arrived  at   is 

( ]  -I-  /)"  -  1 
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Assuming  an  annual  dividend  of  one  dollar,  or 
unity,  Hoskold's  factors  are  obtained  by  substitut- 
ing the  acquired  values  for  i  and  /.  As  a  typical 
case,  and  as  an  aid  to  the  discussion  of  the  formula, 
take  a  mine  with  an  expected  life  of  10  years, 
paying  an  annual  dividend  of  $1000,  tlie  rate  to  be 
allowed  on  the  investment  to  be  10%,  with  the 
sinking-fund  placed  at  interest  at  4",,.  From 
Hoskold's  tables  tiie  value  of  this  investment  is 
$5455.80691.  The  following  redemption  table  will 
illustrate  the  application  of  the  Hoskold  formula  : 
Diviileiiil  Aiiioiinc  ot 

Ye&r  r  d  Vi  il—Vi)  s.nkiiij;  fund 

1      $5455.81  $1000  $545.58  $454.42  $646.78     $451.42 
54.55.81      1000     545.58     454.42     621.91       927.02 

3  5455.81     1000     545.58     454.42     597.98     1418.52 

4  5455.81     1000     545.58     454.42     574.98     1929.68 

5  5455.81     1000     545.58     454.42     552.87     2461.28 

6  5455.81     1000     545.58     454.42     531.61     3014.15 

7  5455.81     1000     545.58     454.42     51L16     3589.14 

8  .5455.81     1000     545.58     454.42     491.50     4187  12 

9  .5455.81     1000     545.58     454.42     472.60     4809.03 
10        5455.81     1000     545.58     454.42     454.42     5455.81 


$5455.81 

The  foregoing  table,  constructed  on  the  hypo- 
thesis upon  whicli  the  Hoskold  formula  is  based, 
shows  that  the  annual  dividend  of  $1000  is  divided, 
throughout  the  10-year  life  of  the  mine,  into  two 
constant  parts.  The  dividend  of  10%  on  the 
capital  of  $5455.81  requires  $545.58 ;  and  the 
balance,  which  is  $1000  less  $545.58,  or  $454.42,  is 
paid  into  the  sinking-fund,  wlicre  it  accumulates  at 
4%  compound  interest.  Tlie  sixth  column  gives 
the  amount  of  each  instalment  accumulated  at  4% 
interest,  compounded  annually,  at  the  end  of  the 
tenth  year.  The  sum  of  this  column  is  the  amount 
of  the  original  investment.  The  last  column  gives  the 
total  amount  in  the  sinking-fund  at  the  end  of  each 
_\ear,  and  the  error  in  the  Hoskold  formula  is 
plainly  exhibited  by  this  column,  (opsider,  for 
example,  the  amount  in  the  sinking-fund  at  the 
close  of  the  niiitii  year,  which  the  table  gives  as 
$4809.03.  Of  the  original  capital  put  into  the  mine 
there  remains  in  fact  only  the  difference  between 
the  total  in  the  sinking-fund  and  the  amount 
originally  put  in,  or  $5455.81  less  $4809.03,  which 
is  .$646.78;  and  this  amount  only  is  exposed  to  the 
risk  that  calls  for  the  payment  of  10%  interest 
on  the  investment.  The  remainder  of  the  original 
capital  has  pas.sed  through  the  hands  of  the  investor 
and  has  been  placed  in  some  s.ife  security  bearing 
4%  intere.st.  It  is,  therefore,  un(]uestionably  a 
fallacy  to  require  a  mine  to  pay  a  high  rate  of 
interest  on  the  entire  amount  originally  invested 
during  its  entire  life  ;  and  more  especially  is  this 
true  when,  as  in  this  example,  the  value  of  the 
remaining  one  year's  dividends  is  but  $909.09. 
Imagine  a  borrower  that  has  paid  back  all  of  a 
loan  of  $5455.81  except  $646.78,  which  he  had 
borrowed  at  10%  interest,  and  that  he  still  is 
required  to  pay  intere.st  at  10%  on  the  amount 
originally  borrowed. 

This  error  in  the  Hoskold  formula  and  the  factors 
based  thereon  seems  to  have  passed  unnoticed.  The 
only  direct  reference  to  it  that  I  have  .seen  is  that 
Inwood  makes  the  comment,  legarding  the  factors 
to  be  used  in  valuing  loans,  that  the  terms  of  such 
loans  are  onerous  to  the  borrower.  It  even  appears 
to  be  commonly  a.ssumed  in  mining  literature  that 
Hoskold's  formula  is  based  on  the  assumption  that 
the  mine  does  pay  interest  only  on  that  portion  of 


the  capital  unreturned  to  the  investor,  whereas  the 
direct  opposite  is  the  case.  Nor  is  this  error  small 
in  amount.  As  I  shall  later  show,  the  true  value 
of  the  investment  given  in  the  above  table  is 
$6591.37,  which  is  practically  20%  greater  than 
the  Hoskold   factor.* 

I  shall  now  give  tlie  deduction  of  a  formula  that 
rectifies  this  error  in  the  Hoskold  formula,  and 
which  I  believe  to  be  the  correct  formula  to  be 
used  for  mine  valuation.  This  is  based  upon  the 
same  assumptions  as  the  Hoskold  formula,  with  the 
added  provision  that  interest  shall  be  paid  at  the 
risk-rate  /  only  upon  the  unreturned  capital,  and 
that  the  unreturned  capital  shall  be  the  amount  of 
the  original  investment  less  the  amount  in  the  sink- 
ing-fund. The  amount  in  the  sinking-fund  at  any 
time  is  the  amount  paid  into  tiiis  fund  out  of 
dividends  plus  the  added  accumulations  of  interest 
at  the  rate  j.  Thus,  taking  V  as  the  present  value 
of  the  investment,  it  is  the  amount  of  the 
unreturned  capital  over  the  first  year.  At  the  end 
of  the  first  year  the  annual  dividend,  of  amount  d, 
is  paid.  This  dividend  is  made  up  of  two  parts  ; 
Vi  is  the  interest  requirement  on  the  capital  at 
the  rate  /;  thus  d  —  Vi  is  the  balance  placed  in  the 
sinking-fund.  For  the  period  of  the  second  year 
the  umeturned  capital  then  is,  according  to  the 
hypothesis  taken.  ]'—(d~Vi}.  At  the  clo.se  of  the 
second  year  the  dividend  d  is  again  paid.  Allowing 
interest  at  the  rate  /  on  the  unreturned  capital, 
the  interest  requirement  of  this  second  dividend  is 
Vi—i{d—Vi)-,  and  the  payment  into  the  sinking- 
fund  from  the  second  dividend  is  the  difference 
between  the  constant  dividend  d  and  this  interest 
lequirement,  or  d -  Vi  +  i  (d—Vi).  The  total 
amount  in  the  sinking-fund  at  the  close  of  the 
second  year  is  the  sum  of  the  amount  paid  into 
the  sinking-fund  at  the  close  of  the  first  year  plus 
the  interest  on  this  first  payment  for  one  year  at 
the  rate  j,  plus  the  amount  paid  into  the  sinking- 
fund  at  the  close  of  the  second  vear  :  the  expres- 
sion   for   this   is    (d-Vi)    {l  +  j)+\d-Vi)    (\  +  i). 

This  may  be  simplified  to  (d-Vi)   [(l+;  +  /)-l-l]- 

Thus,  the  unreturned  capital  over  the  third  vear 
is   V-(d-Vi)   [(l  +  /  +  y)  +  l]. 

At  the  close  of  the  third  year  the  dividend  d  is 
again  received.  The  computation  for  the  third  year 
is  somewhat  lengthy,  but  it  is  a  matter  of  simple 
algebra  to  show  that  the  sinking-fund,  after  the 
receipt  of  the  third  dividend,  amounts  to 
(d-  Vi)   [l  +  i  +  jy  +  {l  +  l  +  j)  +  ll 

Similarly,  for  the  fourth  year  it  can  be  shown 
that  the  sinking-fund  will  amount  to  the  expression 

id-Vi)  L(i-f'  +  ./T+(i-f/+yT  +  (i  +  '+7)  +  n. 

Obviously,  then,  for  a  life  of  n  years,  the  sinking- 
fund  will  have  accumulated  to  the  amount  of  the 
following  expression,  which  by  my  hypothesis 
equals    V,   or 

r  =  (f/-r/)  [(i  +  /+;)"-i  +  (i+/+y)°--  .    . 

+  (i-f'+?r  +  (l +  '■+?■)'+ (l  +  '+7)  +  l]. 
The    expression    within    the    brackets    is    again    a 
geometrical   series  with   a  ratio   (l  +  i  +  j)  ;    the   sum 

(l+i+j)|^l 
of  this  series  is  equal  tr"p_|_j-_|_  >_  ^ 

and,  substituting  this  expression  for  the  sum  of 
the  series     in  the  above  equation,  the   result  is 


V=(d-Vi) 


{l  +  i+jY-l 
[l  +  i+J)  -1 


*  See  O'Donahue  on  "The  Valuation  of  Mineral  Proiiertr," 
Chap.  III., 
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He  assumes  this  risk  at  the  moment  of  purchasing 
the  shares,  before  it  is  certain  that  the  mine  will 
come  up  to  expectations.  Would  he  assume  the 
risk  if  he  knew  that,  in  the  event  of  the  mine's 
fulfilling  all  expectations,  he  would  only  receive  a 
rate  of  interest  which  could  be  had  by  investing 
in  something  much  more  secure,  for  instance  bonds T 
He  would  certainly  buy  the  bonds  and  avoid  the 
risk. 

According  to  the  definition  of  a  10°o  investment 
given  above  the  old  method  of  valuation  is  not 
in   error. " 

Mr.  Whitton  replied  as  under  : 
.  .  .  .  ■  K.  F.  Hoffmann  states  tliat,  according 
to  the  definition  of  a  10%  investment  (the  rate 
that  I  assumed  in  my  examples)  the  Hoskold 
formula  is  not  in  error ;  but,  as  stated  in  my 
paper,  it  is  not  sufficient  to  define  a  10%  investment 
in  a  wasting  asset,  such  as  a  mine,  as  one  that  will 
pav  the  investor  10%  per  annum  on  liis  investment 
and  return  him  his  capital  at  the  end  of  the  period 
of  the  investment,  for  there  are  not  "one  or  two 
but  several  ways  in  which  the  dividend  may  be 
apportioned  between  interest  and  amortization  of 
the  investment  that  will  fit  Mr.  Hoffmann's  defini- 
tion. According  to  the  formula  employed  there  is  a 
large  difference  between  the  various  values  that 
may  be  thus  obtained.  Obviously  some  addition  to 
his'  definition  is  required  before  an  exact  solution 
can  be  reached,  and  according  to  my  %iew  10"^ 
interest  should  be  paid  only  on  the  unreturned 
capital,  and  the  amount  of  the  unreturned  capital 
is  the  amount  originally  invested  less  the  amount 
in   the   sinking-fund ' 

Mr.  D.  B.  Morkill  discusses  Mr.  Whittons 
article  in  the  Minin;/  and  Scientific  Press, 
August  31st.  He  proposes  the  solution  given  by 
0.  ''Donahue  in  his  '  The  Valuation  of  Mineral 
Property,'  where  the  latter  assumes  that  the  capital 
is  reduced  at  once  by  each  payment  of  the  redemp- 
tion fund  and  that  interest  is  allowed  on  the  out- 
standing capital  only.  This  formula  is,  using  the 
same    notation. 

{\+iY'-l 
^"  ^  ^(1+  iyH 
The    present    value    on    these    premises    for    the 
example  given  is  $6144.58. 

Mr.  H.  D.  Pallister,  continuing  the  discussion 
(Mining  and  Scientific  Press,  November  23rd), 
gives  the   following   interesting  comparison  : 

Hoskold     Whitton      Morkill 

Year.  Per  cent.     Per  cent.      Per  cent. 

1     10  10-00  10-00 

2     10  948  9-62 

3     10  8-89  9-21 

4     10  8-22  8-75 

.5     10  7-4.5  8-24 

pj     10  6-58  7-70 

7     10  5-58  7-09 

5        10  4-45  6-43 

9        10  3-16  5-69 

10     10  1-68  4-89 

1000  6.5-49  7702 

In  the  table  a  comparison  of  the  three  formulas 
and  tables  is  given,  ba.sed  on  the  annual  percentage- 
return  to  the  investor  on  the  amount  of  his  original 
investment.  Hoskold  has  a  constant  return  of  10%  ; 
Whitton  decreasing  from  10%  during  the  first  year, 
to  1-68%  during  the  last ;  and  Morkill  with  the 
interest  from  the  sinking-fund  added,  decreasing 
from  10%  to  4-89%  at  the  end  of  the  period  of 
ten  years. 


Summari/. — The  three  formulas  are  similar  in  at 
least  a  few  respects.  (1)  They  all  provide  for  a 
return  of  the  original  amount  of  the  investment  at 
the  end  of  the  same  period,  namely,  ten  years. 
(2)  They  all  allow  the  same  rate  of  interest,  /, 
(10%),  on  the  present  value  of  the  investment  as 
interpreted  by  each.  (3)  They  all  provide  for  a 
safe  rate  of  interest,  y,  (4%),  on  the  sinking-fund. 
Althougii  the  Morkill  formula  does  not  show  this, 
nevertheless,  Morkill  uses  the  interest  to  pay  an 
increased  amount  to  the  investors  annually.  The 
three  formulas  differ  in  a  number  of  respects.  The 
present  value  is  constant  in  the  Hoskold  formula 
and  table,  and  decreasing  in  the  other  two.  In 
the  Whitton,  the  present  value  is  20%  greater  than 
in  the  Hoskold  at  the  beginning  of  the  period, 
while  the  Morkill  formula  gives  a  present  value 
12'5%  greater  than  the  Hoskold.  The  result  in 
the  case  of  Hoskold  is  an  equal  annual  return  to 
the  investor  thi'oughout  the  life  of  the  mine,  while 
in  both  the  other  cases  the  annual  return  is  greater 
at  the  beginning  of  the  period,  and  decreases  to  a 
minimum  at  the  end.  Finally,  the  amount  placed 
in  the  sinking-fund  is  the  same  for  each  year  in  the 
Hoskold,  while  the  Whitton  and  Morkill  formulas 
indicate  an  increasing  amount  for  each  succeeding 
year."     (H.   R.   A.   and  G.   A.   W.) 


Abstracts  of  Patent  Applications 


6-50.18.  Pav.  t'.  Newhouse.  Comminuting  mill. 
-26.10.18. 

This  application  refers  to  various  internal 
arrangements  for  tube  mills,  providing  a  series  of 
chambers  in  the  length  of  the  mill  with  the  object 
of  securing  stage  reduction. 

At  the  end  of  the  first  stage  chamber,  a  cylin- 
drical screen  made  up  of  bars  parallel  with  the 
axis  is  introduced,  through  which  the  material 
which  is  sufficiently  reduced  passes  into  an  annular 
space  behind,  from  which  it  is  lifted  by  vanes  on 
the  division  plate  and  passed  through  it  to  the 
second  chamber.  A  screen  plate  with  vanes  is  also 
provided  at  the  final  outlet. 

The  screen  with  division  plate  between  the  two 
chambers  is  capable  of  adju-stment  in  its  longitu- 
dinal position,  so  that  the  relative  capacities  of  the 
two  chambers  may  be  varied  as  may  be  required, 
the  internal  diameter  of  the  mill  being  the  same 
throughout. 
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Proceeding's 

AT 

Ordinary  General  ivreeting-, 
February  16,  1918. 


Tlie  Ordinary  General  Meeting  of  the 
Society  was  held  in  the  South  African 
School  of  Mines  and  Technology  Building, 
Johannesburg,  on  Saturday,  the  15th 
February,  11)19,  Mr.  H.  S.  Meyer  (Presi- 
dent) in  the  chair.  There  were  also 
])resent  : 

29  ^Members :  — Messrs.  J.  Gra^^  A. 
Whitby,  H.  A.  White,  H.  li.  Adam,  J. 
Chilton,  C.  H.  Greathead,  J.  R.  Thurlow, 
C.  Toombs,  F.  Wartenweiler,  G.  A.  Water- 
meyer,  F.  W.  Watson,  W.  R.  Dowling, 
J.  E.  Thomas  (Members  of  Council),  A.  S. 
A  11am,  H.  D.  Bell,  T.  Blandford,  J.  M. 
Dixon,  V.  Friedman,  B.  J.  Hastings,  L.  F). 
Hingle,  A.  Kinsj,  A.  H.  Krynauw,  Ur.  E.  T. 
Mellor,  G.  Alelvill,  S.  Newton,  E.  A. 
Osterloh,  J.   Thorlund,  and  T.   P.  W^aites. 

11  Associates:  — ^Messrs.  J.  Boyd,  G. 
Bulman,  B.  C.  Forrest,  J.  Gibson,  J.  Innes, 
S.  Lange,  L.  W.  Macer,  D.  W.  Pugh, 
T).  K.  Robinson,  J.  de  VilHers,  and  H. 
Ward. 

10  Visitors,  and  Fred  Rowland,  Secretary. 

MINUTES. 

Tlie  :\linutes  of  the  Ordinary  General 
Meeting  held  on  the  16th  November,  1918, 
as  recorded  in  the  November  Journal,  were 
confirmed. 

ELECTION    OF    NEW     MEMBERS. 

^lessrs.  J.  R.  Thurlow  and  A.  Whitby  were 
appointed  scrutineers.     After  their  scrutiny 
of    the    ballot    papers    the    following    new 
members  were  cleclared  elected:  — 
DcRELL,     H.^ROLD     L.^NCELOT     Vavasour,     Central 

Minins;  and  Investment  Corporation,  Ltd.,  P.O. 

Box     1169,    Johannesburg.     Mining    Engineer. 
Read,   Herbert   Alfred,   Eand   Mines,   Ltd.,   P.O. 

Box    1056,    Johannesburg.     Financial    Manager. 


TuTT,    Charles   John-,    P.O.    Box    5754,   Johannes- 
burg.    Mine   Manager. 
The    Secretary   notified   that   the   Council 
had    admitted    the    following    as    As.sociates 
and  Student:  — 
.4.S    Associates  : — 
Anderson,    Robert    Charles,    Modder    B.     G.M. 
Co.,    Ltd.,    P.O.    Modderbee.     Reduction    Fore- 
man. 
D.ALY,     William    Eugene,     B.Sc,     P.O.     Box     58, 

Bulawayo,    Rhodesia. 
Fames,  Luther  Barnard,  c/o  The  Dorr  Co.,  1009, 
17th     Street,     Denver,     Colo.,     U.S.A.     Metal- 
lurgical Engineer. 
Short,    Arthur,   Brakpan  Mines,   Ltd.,   P.O.    Box 
3,    Brakpan.     Assistant   Assayer. 
As    Student  : — 
Harding,  Ellis  George,  Student,   S.A.    School  of 
Mines      and      Technology,      P.O.      Box      214, 
Gerniiston. 

Gener.\l  Business. 
Assay  Supplies. 
Mr.  C.  Toombs  (Member  of  Council): 
In  replving  to  the  discussion  on  the  sub- 
ject of  Assay  Supplies,  I  have  to  thank  the 
various  members  of  the  Society  who  contri- 
buted, especially  those  who  realized  that  the 
object  of  the  discussion  was  to  bring  for- 
ward any  novel  ideas  especially  in  the 
utilization  of  local  products  in  routine  assay 
practice.  One  cannot  compliment  the 
assaying  fraternity  on  the  success  of  the 
object  aimed  at,  when  one  considers  that 
out  of  all  the  assayers  engaged  on  the 
Rand  in  strictly  routine  gold  assay mg  only 
one  came  forward  to  give  his  views.  One 
would  have  thought  that  patriotism  would 
have  prevented  this  wholesale  hiding  of 
"  lights  under  a  bushel."  One  often  hears 
the°statement  made  that  an  assay  office  is 
not  the  place  in  which  to  economise ;  it  eer- 
tainlv  should  not  be  a  place  where  money  is 
wasted,  and  I  maintain  that  the  results 
obtained  in  an  office  run  under  trained 
control  will  compare  favourably  for  accuracy 
and  economy  with  results  obtained  by  rule 
of  thumb  methods. 
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As  of  old,  the  use  of  borax  in  fluxing  is 
a  bone  of  contention,  further  eoniphcated 
now  by  its  whole  or  partial  replacement  by 
lluor  spar.  I  still  take  up  my  stand  with 
Mr.  White  and  maintain  that  the  use  of 
borax  in  routine  assa3'ing  on  the  Kand  is 
abused,  and  is  moreover  as  effete  a  super- 
stition as  the  use  of  bi-carbonate  of  soda 
recommended  in  text  books  up  to  quite 
recent  times.  I  am  sure  the  Council  of  the 
Society  will  be  very  pleased  if  some  of  the 
stalwarts  in  its  favour  will  come  forward 
with  a  paper  giving  full  data  to  prove  that 
results  obtained  with  borax,  are  consistently 
higher  than  those  obtained  without. 

In  connection  with  fluxing,  I  would 
recommend  a  study  of  the  various  sihcates 
of  soda  to  junior  assayers,  especially  the 
bi-silicate  XajOSiOo,  and  sesqui-silicate 
4X3,03810,.  Under  proper  heat  conditions 
in  the  furnace  the  former  will  be  found 
quite  fluid  and  an  addition  of  borax  will  be 
found  to  make  little  difference.  This  will 
sei'^'e  as  a  base  for  any  junior  to  start  experi- 
menting from  in  order  to  work  out  a  flux 
for  himself,  and  when  he  has  found  one 
which  gives  a  consi;-tently  higher  result 
than  all  others  I  advise  him  to  stick  to  it, 
if  he  finds  several  giving  equal  accuracy 
then  let  him  stick  to  that  proving  the  most 
economical  on  prolonged  use. 

One  pleasing  point  brought  out  by  this 
discussion  was  the  manufacture  of  the 
various  acids,  chemically  pure,  by  Kynochs', 
Durban.  I  have  been  using  their  nitric  acid 
now  for  some  time  and  find  it  very  satis- 
factory, and  quite  in  accordance  with  their 
guarantee. 

To-day  practically  eveiything  requisite 
for  routine  gold  assaying  on  the  Rand  can 
be  localW  produced,  and  I  am  very  pleased 
to  be  able  to  give  my  testimony  as  to  their 
excellence. 

The  President:  There  is  just  one  little 
point  in  Mr.  Toombs'  able  reply  that  fills 
me  with  some  apprehension.  When  he 
speaks  about  high  results,  I  cannot  quite 
understand  what  is  meant  by  it.  Can  a 
thing  contain  more  than  exists  in  it?  He 
says  the  use  of  borax  gives  high  results.  It 
seems  to  me  that  the  line  of  argument  there 
is  not  quite  sound.  Does  this  material  give 
the  more  correct  result,  which  cannot  be  too 
high  or  too  low  but  must  be  approximately 
correct?  I  just  mention  that  point  because 
it  seems  to  me  such  a  peculiar  line  of 
argument. 

Mr.  C.  Toombs;  My  point  is  this.  Take 
half-u  dozen  differf-ut  fluxes;    three  of  these 


give  very  consistently  high  results  and  three 
consistently  low  results.  I  take  it,  the  high 
result  is  right.  We  liave  not  put  any  gold 
into    tlu'    sample. 

The  President:  1  have  only  one  point  to 
make,  and  tliat  is,  tlie  method  of  classifying 
a  result;  it  cannot  he  too  liigh  if  tlie  gold 
exists  in  the  sample. 

Mr.  C.  Toombs:  1  <lo  not  tliink  1  have 
used    the    expression    "too   liigh." 

Mr.  A.  Whitby  (Vicc-Fresideni) :  There 
is  a  little  jjoiiit  about  that  which  I  brought 
out  a  good  many  years  ago  on  which  at  the 
time  I  was  rather  severely  criticised.  Divide 
any  sample  into  portions  and  pass  one 
portion  through  60  mesh,  another  through 
90,  and  another  through  150,  and  with 
equal  times  of  fusion  progressively  higher 
results  will  be  obtained.  That  is  possibly 
what  Mr.  Toombs  means;  that  certain 
fluxes  attack  the  ore  much  more  easily  tlian 
do  others,  because  they  bring  about  a  con- 
dition where  complete  fusion  is  arrived  at 
at  a  lower  temperature. 

Mr.  0.  Toombs:  Yes,  tliat  is  what  1 
mean  to  infer. 

VISIT    TO    NEW    MODDERFONTEIN. 

Mr.  H.  A.  White  (Vice  -  Presidcni): 
I  should  like  to  propose  a  hearty  vote  of 
thanks  to  the  directors  and  management  of 
the  New  Modderfontein  Gold  Mining  Com- 
pany for  the  way  in  which  they  entertained 
us  at  our  last  visit  there. 

This  Society  has  always  taken  consider- 
able interest  in  Red  Cross  work,  but  I  think 
you  will  agree  with  me  when  I  say  a  more 
interesting  exhibition  of  First  Aid  was  given 
en  that  occasion  than  we  have  ever  seen 
in  our  lives  !  You  will  also'  agree  with  me 
that  it  was  an  excellent  obiect  lesson  on 
the  closer  working  and  joint  housing  of  the 
technical    societies. 

Mr.  A.  McArthur  Johnston  (Past-Presi- 
dent):    I   second  that. 

The  motion  was  carried  unanimously. 

MEDIC.\L    SCHOOL    ON    WITWATERSR.\ND. 

Mr.  Jas.  Gray  (Vice-President):  I  desire 
to  prop(jse  the  following  resolution:  — 

"  We,    the   Members   of    the    Chemical,   Metallur- 

"  gical   and    Mining    Society   of    South   Africa,    in 

"ordinary  meeting    assembled,    regret   the   action 

"of  the  Government  in  refusing  to  sanction  the 

"  appointment    of     Professors    of     Anatomy    and 

"  Physiology,    thereby    postponing    the    extension 

"  of    the    Johannesburg   Medical    School." 

The  facts  which   bring  up  this  resolution 

are  as  follows,  and  I  cannot  do  better  than 

quote  a  letter  which  has  been  sent  by  the 

Secretary  of  the  Witwatersrand   University 
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C'ommitU'e  to  nil  their  Members  of  Parlia- 
int'iit  :  — 

"  In  1917,  with  tlif  approval  uf  tlii'  Minister, 
njurst's  ill  Arts,  I'liii'  Siu-iki-  and  Moilicine  were 
starteii  at  the  Srlinol  (jf  Mines,  the  funds  theie- 
for  having  been  subscribed  by  the  Chamber  of 
Mines,  the  Johannesbur)^  Municipality,  several 
of  the  Reef  Municipalities,  and  a  number  of 
other  generout;  subsiribers.  The  (i<jvernment 
now  recognises  tiie  doijartmcnts  then  establislied 
(Classics,  English,  Economics,  Dutch,  French, 
History,  Botany  and  Zoulogy)  to  the  extent  of 
contributing  towards  the  salaries  of  tiie 
professors.  Owing  to  war  conditions,  however. 
It  was  at  that  time  found  impossible  to  proceed 
to  the  second  year's  course  in  Medicine  as  suit- 
able I'rofessors  of  Anatomy  and  Physiology  (the 
subjects  of   the  second   year)    were  not  available. 


ri'sult   III  our  ohtainiiif,'  in  Jolmnnesixirg,   n 
incdii-al  school   where  a  complete  course  of 
traiiiin-,'  may   he   followefl. 
I 


The  professors  of  Bacteriology,  Pathology 
and  PhaiTnacology  were  obtained  for  the 
Capetown  School  of  ^Medicine  at  that  time. 
"Recently,  however,  in  view  of  the  altered 
war  conditions,  the  Council  of  the  South  African 
School  of  Mines  and  Technology  approached  the 
Minister  with  regard  to  the  establishment  of 
Chairs  of  Anatomy  and  Physiology.  The 
Minister  has  now  refused  to  recommend  to  the 
Governor-General  the  establishment  of  a  School 
of  Anatomy  in  connection  w-ith  the  School  of 
Mines  in  Johannesburg,  in  terms  of  the  Univer- 
sity Act  (No.  32  of  1911).  Both  in  1917  and  in 
1918  there  were  thirty  first  year  medical 
students,  who  were  anxious  to  proceed  to  the 
second  year's  work  in  Medicine  at  the  School 
of  Mines,  and  it  is  confidently  expected  that 
those  numbers  will  be  greatly  increased  now  that 
hostilities    have    ceased." 

There  is  admittedly  a  shortage  of  medical 
men  in  South  Africa  and  also  in  other 
countries,  and  the  number  of  students  avail- 
able in  Johannesburg,  justifies  the  develop- 
ment of  the  medical  school. 

The  Johannesburg  Hospital  is,  I  believe, 
the  third  largest  in  the  world,  and  further, 
we  have  the  many  mine  hospitals,  which 
support  the  statement  that  facilities  for 
training  in  Johannesburg   are   unique. 

It  was  understood  that  when  the 
professors  of  zoology  and  botany  were 
appointed,  they  were  to  be  teachers  in  the 
medical  school,  and  the  Government's 
action  is  a  distinct  breach  of  faith  to  these 
men.  In  reply  to  a  question  in  the  House 
of  Assembly  recently,  it  was  stated  that 
the  refusal  was  entirely  due  to  financial 
reasons,  but  it  appears  much  more  likely 
that  Capetown  eyed  with  jealousy  the  rapid 
advancement  of  our  local  school. 

I  have  brought  forward  tliis  resolution 
for  the  pui-pose  of  supporting  Professor 
Wilkinson,  who  is  our  representative  on  the 
Witwatersrand  University  Committee,  and 
I  hope  that   any   action   it  may  take,   will 


liave    nnieli     pleasure    in    moving    tlie 
adoption  of  the  resolution. 

The  President:     I  should  like  to  have  a 

si'e(  iiilci-   t;     tiii.-;   Very   praiseworthy   motion 
that   -Mr.   (ir.iy  h;i.-;  put  before  you. 

Mr.  A.  Whitby  (Vicc-Prcmlrni  >.  In 
rising  to  secciul  the  resrrlution,  1  wish  to 
endorse   the   prop<3ser's  remarks. 

It  seems  a  shame  that  Johannesburg  and 
tlie  Beef  do  not  receive  the  consideration 
from  the  rrnvenHnent  commensurate  to  the 
revenue  directly  and  indirectly  derived  from 
this  community   by   the   State. 

Surely,  if  we  are  entitled,  as  Mr.  Oray 
points  out,  to  schools  of  botany  and  zoology, 
the  very  important  subjects  of  anatomy  and 
physiology  should  be  included.  liesides, 
there  are  many  people  who  cannot  afford 
to  send  their  sons  to  Capetown  for  medical 
training  and  would,  if  they  could,  probably 
send  them  to  England  in  preference,  and 
not  add  much  to  the  cost. 

There  is  another  point  arising  out  of  this 
question,  and  that  is  the  exploiting  of  South 
Africati  diaigs.  This  requires  collaboration 
between  chemist,  bot-anist  and  medical 
men,  and  where  else  could  the  utility  of 
these  drugs  be  better  proved  than  in  a 
school  of  medicine  in  conjunction  with  the 
great  hospital  and  the  Institute  of  Medical 
Research  already  established.  I  have 
therefore  great  pleasure  in  seconding  Mr. 
Gray's  resolution. 

Mr.  F.  W.  Watson  CSlcmher  of  Council) 
supported  the  resolution. 

The  President:  It  seems  to  me  it  is  one 
that  is  permitted  to  the  Society  as  part  of 
its  objects;  that  is,  to  promote  science  in 
everv'  sense  and  degree,  and  we  feel  hurt 
that  a  genuine  attempt  on  behalf  of  Johan- 
nesburg to  promote  this  school  of  medicine 
has  not  been  exactly  treated  in  the  way 
that  we  had  hoped.  It  is  not  for  us  here 
to  discuss  the  Government  particularly,  but, 
at  the  same  time,  we  thought  that  our  voice 
.-hould  be  heard  in  support  of  our  member. 
Professor  Wilkinson,  who  represents  us  on 
the  Witwatersrand  University  Committee. 
Unless  there  is  any  other  gentleman  who 
wishes  to  say  anything,  I  should  like  to  put 
Mr.  Gray's  motion  to  the  meeting. 

The  resolution  was  then  put,  and  agreed 
to  unanimouslv. 
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ANCIENT   TIN   MINES   OF   THE   TEANSVAAL. 


By  Max   Hm-manx   (Member). 


Introductory. — Although  a  great  deal  has 
been  written  upon  the  ancient  mines  of 
Ehodesia,  verv  little  has  been  published  on 
the  subject  of  the  ancient  workings  in  the 
Transvaal.  ^Mr.  T.  G.  Trevor,  Inspector  of 
Klines,  Pretoria,  read  a  paper  on  this  sub- 
ject before  this  Societj-  some  seven  yeai-s 
ago.  Since  that  date  several  fresh  facts 
have  come  to  light,  and  it  is  hoped  that  the 
discussion  on  this  paper  will  help  to  eluci- 
date the  very  interesting  mystery  as  to  who 
these  ancient  miners  were  and  the  period 
when  they  wrought  here. 

Geological. — As  no  ancient  workings  have 
been  discovered  in  the  granite  tin  area,  i.e., 
at  Zaaiplaats,  Groenfontein,  etc.,  the  writer 
intends  confining  himself  to  the  Rooiberg- 
Leeuwpoort  area  (see  Map.  Fig.  1),  which 
is  situated  in  the  Waterberg  District,  some  '. 
40  miles  west  of  the  Pretoria-Pietersburg  ' 
railway. 

The  cassiterite  occurs  in  well  defined  ' 
lodes,  varying  very  greatly  in  strike,  dip, 
thickness  and  tin  contents,  in  the  quartzite 
and  sandstone  of  the  Lower  \\'at€rberg 
Series.  The  principal  associated  mineral  is 
tourmaline,  and  sometimes  a  fair  quantity 
of  iron  pyrite.  More  rare  is  the  occun-ence 
of  either  copper  or  arsenical  pyrite,  and 
infrequently  there  is  a  small  quantity  of 
wolframite,  scheelite  or  galena.  The  gangue 
minerals  are  quartz,  calcite  and  siderite, 
and  occasionall}-  fluorite.  In  addition  to 
the  lodes  proper,  ore  occurs  in  pockets,  well 
defined  pipes  and  bedding  planes  (flats) 
formed  by  metasomatic  replacement  of  the 
silica  in  the  sandstone  bj-  cassiterite  and 
the  associated  minerals  mentioned  above. 
These  non-lode  ore-bodies,  sometimes  called 
"  supplementai-y  fillings,"  like  the  lodes  \ 
themselves,  vary  greatly  in  shape  and 
extent,  some  of  the  horizontal  flats  have  \ 
been  6  to  7  ft.  in  thickness,  while  pipes  of 
small  cross-sectional  area  have  been  fol- 
lowed for  more  than  100  ft.  off  the  lode. 
It  is  a  point  of  interest  that  very  few  of  ' 
these  "  supplementary-  fillings  "  have  been  \ 
found  in  the  han;;ing  wall  of  the  lode,  in 
nearly  every  case  they  start  off  the  footwall 
and  the  great  majority  of  them  are  high  in 
tin  contents.  Tliis  explains  perhaps  why 
so  much  of  the  ancient  work  had  been  done  ' 
on  these  bodies  and  not  on  the  lodes  proper. 

Prospecting. — The    ^lap,    Fig.    1,    shows 


the  area  where  the  ancients  mined  or  pros- 
pected ;  on  every  farm  there  are  traces  of 
one  sort  or  another  of  their  bygone  industry. 
Hardly  a  lode  of  any  importance  has  been 
worked  by  moderns  on  which  the  ancients 
have  not  been  down  in  one  or  more  places. 
Where  modern  work  has  shown  the  richest 
lodes,  or  where  these  cross  one  another  most 
thickly,  there  the  ancients  have  been  most 
active.  One  area  at  Eooiberg,  about  40 
acres  in  extent,  is  thickly  pitted  for  a  length 
of  two-thirds  of  a  mile  and  an  average 
breadth  of  600  ft.  by  a  succession  of  over- 
grown shallow  depressions  interspersed  with 
small  ancient  waste  dumps.  Wherever 
these  dumps  have  been  cut  through  for 
prospecting  purposes,  rarely,  if  ever,  has 
any  tin-bearing  rock  been  found.  This  bears 
out  the  observation  of  other  writers  upon 
the  extremely  clean  manner  in  which  the 
ancients  sorted,  and  shows  that  they  must 
have  been  pretty  good  mineralogists  to  be 
able  to  distinguish  tin  ore  from  tin  poor  or 
tin  free  tourmaline  rock — rock  which  often 
requires  modem  methods  of  assaying  to 
prove  its  valuelessness. 

Mining.— ^"here  in  the  course  of  their 
prospecting  the  ancients  came  upon  rich  ore 
they  followed  it  down  until  beaten  by  water 
or  the  I'ock  became  too  hard.  Where  ore 
occurred  in  pockets,  flats  or  pipes  it  was 
followed  and  taken  out  with  a  cleanness 
which  is  tiaih"  astonishing.  This  is  well  illus- 
trated in  figure  2  (p.  123),  which  shows  an 
ancient  working  recently  opened  up  at  Eooi- 
berg,  consisting  of  a  stope  on  the  "  H  " 
Lode  and  two  pipes  in  the  footwall  of  the 
lode.  The  cross  section  (N.Y.,  p.  122)  shows 
the  pipes  to  be  roughly  elliptical  in  shape 
and  to  run  in  approximately  horizoutalK  (see 
sections  on  CD.  and  E.F.).  The  working 
was  struck  by  a  modern  drive,  but  was 
entered  by  the  ancients  from  a  narrow  pipe 
off  the  lode.  The  lode  was  lenticular  in 
cross  section,  and  was  stoped  out  to  a  maxi- 
mum width  of  6  ft.  to  7  ft.  The  south 
branch  pipe  is  very  low  and  the  walls  have 
a  corrugated  appearance;  they  have  been 
chipped  clean  and  smooth,  showing  in  some 
cases  no  mineral  at  all,  in  others  a  mere  paper 
thickness  of  ore  at  the  contact  of  sandstone 
and  ore.  The  pocket  was  so  low  and  narrow 
that  at  the  point  C.  the  ancient  miners  had 
evidently  to  lie  quite  prone  with  back  and 


Feb      1919 


Max    Daumann — Ancient    Tin  Mines    of    the.    Trannvnnl. 


\1\ 


^y>//7/^^ 


vS  /?  e  yy/no  /he  /7re  cr  o/^  /he 


ANCIEriT  Tin   MINES.— 


•  SCALE  Of      wiLtS 


Fig.   1. 


122 


Tht  Journal  of  T/ie  Chemiciil,  Mi  ttillurguul  and  Miiiiiitj  Society  of  South   Africa.      Keb.  1919 


sides  touching  the  wall.  A^ain,  at  the  three 
root  pockets  at  P.  the  miner  could  not  get 
his  head  and  shoulders  into  the  hole.  The 
biggest  hole  is  24  in.  high,  and  he  had  there- 
fore to  stand  in  a  crouching  position  and 
chip  with  his  arms  at  full  stretch  above  him, 
while  the  chipj>ings  fell  on  his  head.     The 


Cross^echion  o*2    Liat  C  D  Cf>3  2) 


CrossSecl'ion    orz  L>*2e  C.  F  (Fiq  2) 


Cro5.aOtc^io•^     on.  Lirze   X.Y  (Fig  2) 

northern  pocket  was  wider,  and  was  remark- 
able for  the  large  number  of  stone  hammers 
(some  120)  found  in  it.  At  the  end  E.  a 
face  of  rich  ore  had  been  left  standing. 
This  was  a  roughly  elliptical  horizontal  pipe 
48in.  X  24in.,  consisting  of  a  central  core  of 
soft  tin-poor  tourmaline  surrounded  by  a 
concentric  ring  of  medium  grade  tin  ore,  and 
this  again  surrounded  by  an  outside  ring  of 
very  rich  ore.  Generally  speaking,  the 
ancients  mined  so  clean  and  left  so  little 
behind  them  that  this  occurrence  of  ore  left 
in  place  is  very  interesting.  The  old  miners 
must  have  been  disturbed  and  left  sud- 
denly— either  a  raid  occuiTed  or  the  entrance 
may  have  fallen  in — otherwise  they  would 
not  have  abandoned  such  a  large  number  of 
stone  hammers,  nor  would  they  have  left 
the  working  unfilled  and  a  face  of  good  ore 
behind  for  their  modern  successors  to  con- 
tinue, who  have  taken  from  there  some  70 
tons  of  ore  soinsr  77  metallic  tin. 


Breaking. — The  ore  was  broken  or  chip- 
l)ed  away  with  hammer  and  gad.  The  gads 
were  of  steel,  roughly  rectangular  in  section 
1{  in.  X  f  in.  and  12  in.  to  18  in.  over  all, 
made  in  one  continuous  taper  IVom  the 
head  to  a  tine  ])oint.  Fig.  4  (5).  Tlie  metal 
was  of  extremely  fine  quality,  being  a  mild 
steel  of  exceptional  ])urity  equal  in  qualit}' 
to  the  best  Swedish  iron.  The  following  is 
an  analvsis  : — 


Silicon 
Sulphur   ... 
Pliosphorus 
Manganese 
Combined  Carl)on 


0-17% 

0-01% 

Trace 

Nil 

0'3;")%(  tpprox.) 


The  hammers,  Fig.  4  (13)  were  of  stone 
and  are  roughly  spherical  in  shape,  in 
diameter  from  3  in.  to  o  in.,  and  weigh 
l)etween  3  lb.  and  G  lb.  They  are  the  hard 
unweatheVed  round  lumps  which  remain  as 
a  result  of  the  spheroidal  weathering  of  dia- 
base. The  majority  of  the  hammers  })rob- 
ably  came  from  the  farm  Onverwacht  (see 
Map.  Fig.  1),  where  a  diabase  dike  out- 
crops. A  few  of  the  hammers  are  of  hard 
felsite,  of  which  many  small  dikes  traverse 
the  area  under  discussion.  The  hammers 
appear  to  have  been  held  in  the  hand  and 
no  handle  was  used.  Many  hammers  have 
had  a  deep  concentric  groove  cut  round  a 
mid-circumference  due  to  the  constant  tap- 
I)ing  on  the  head  of  the  gad.  That  fairly 
effective  work  could  be  done  with  a  stone 
hammer  was  shown  bj'  a  hammer  boy  at 
Fiooiberg  who  collared  and  drilled,  with  a 
set  of  modern  steel  drills  and  a  handleless 
stone  hammer,  a  hole  36  in.  deep  in  ground 
in  which  over  the  same  drilling  period,  but 
using  a  4  lb.  liammer,  he  could  put  in  a 
~)4  in.  hole. 

Where  the  ground  was  too  hard  to  break 
with  hammer  and  gad,  the  methcxi  of  fire- 
setting  was  employed,  a  method  which  was 
used  as  recently  as  40  years  ago  in  Norway. 
On  the  "  H  "  lode  at  Rooiberg  a  pile  of 
wood  ready  for  fire  setting  was  found  in  the 
face  of  a  fiat  elongated  old  working.  The 
wood  was  about  4  ft.  long  and  4  in.  to  5  in. 
in  diameter,  stacked  near  the  face  in  a 
roughly  conical  f)ile ;  it  had  been  such  a 
length  of  time  in  the  air-tight  working  that 
when  touched  it  crumbled  to  an  impalpable 
powder.  In  addition  to  the  small  hammers, 
occasionally  a  very  large  hammer  or  muller 
is  met  with.  These  were  Used  either  to  break 
up  large  lumps,  the  result  of  firesetting,  or 
to  grind  to  a  powder  the  l^roken  ore  before 
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transport  tn  the  surface.  One  such  stone 
Fig.  4  (111,  was  quite  smooth,  roughly  oval 
in  shape,  and  measured  9  in.  in  diameter  at 
a  mid-section,  14  in.  across  its  longest  axis 
and  weighed  70  lb.  It  was  found  King  in 
one  of  several  artificial  dish-shaped  depres- 
sions which  covered  the  tl(K)r  of  a  horizontal 
pocket,  where  grinding  had  evidently  been 
done  underground. 

Most  of  the  ancient  workings  were  filled 
in  before  being  abandoned.  This  is  also  a 
Khodesian  experience,  but  the  reason  for 
doing  so  is  hard  to  conceive ;  most  likely  the 
reason  was  a  superstitious-cum-religious  one. 
The  other  explanation  advanced  by  some, 
i.e.,  the  tilling-up  to  hide  the  existence  of  a 
mine,  seems  to  the  writer  out  of  court  in  an 
area  like  this  of  Eooiberg,  where  the  small 
mines  were  as  thick  as  diggers'  claims  on 
the  river  diggings ;  more  particularly  as  no 
working  was  filled  up  until  (except  in  a  few 
cases)  it  had  been  scraped  bare  of  all  pay- 
able ore  by  the  ancients.  It  is  more  par- 
ticularly at  Leeuwpoort  where  the  workings 
have  been  most  carefully  filled  in  with  a 
mixture  of  rubble,  broken  waste  and  surface 
soil.  The  remarkable  feature  at  Leeuw- 
poort is  that  the  ancients  have  left  no  other 
records  of  any  kind.  Not  a  sad  nor  a  ham- 
mer has  yet  been  found  in  any  working,  nor 
are  there  any  traces  at  surface  of  smelting 
operations.  The  principal  "Id  workings 
there  are  over  what  is  called  the  "  H.G." 
section,  and  it  would  almost  appear  as  if 
the  ancients  cleaned  up  everything  they 
could  and  moved  away  with  all  their  impedi- 
menta, probably  to  Eooiberg. 

None  of  the  old  workings  at  Leeuwpoort 
is  deeper  than  40  ft.,  and  they  have  been 
broken  into  at  several  points  from  the 
modern  chambers  below.  There  is  no 
apparent  reason  why  the  ancients  should 
have  stopped  at  that  depth.  The  tin  is 
found  here  in  a  very  wide  kaolinized  body, 
which  is  quite  soft.  Nor  could  water  have 
been  the  cause  of  abandonment  for  the 
present  mine  300  ft.  deep  can  be  kept  dry 
with  a  skip  onl}'.  There  is  every  evidence 
that  the  ancients  must  have  mined  a  con- 
siderable tonnage  apart  from  the  fact  that 
the  Leeuwpoort  Company  have  extracted 
80,000  tons  of  ore  between  the  ancients' 
lowest  limit  and  the  modern   100  ft.  level. 

As  a  variant  of  the  total  fill-in  method 
was  one  used  on  the  Empire  lode  at  Eooi- 
berg. Here  the  lower  section  of  a  stope 
was    found   open ;    about    half    way    up   the 


stope,  which  was  narrow,  stuU  pieces  18  in. 
to  24  in.  long  were  wedged  betwet-n  foot 
and  hanging  wall,  these  were  lagged  over 
with  rough  bush  timber  and  the  stope  filled 
in  on  top  of  tlie  lagging  with  the  usual 
mixture  .of  rubble,  broken  waste  and  sand. 
Yet  another  well  known  inining  practice 
was  followed  at  Weynek  (see  map.  Fig.  1). 
Here  the  tin  occurs  in  soft  clayey  inter- 
bedded  lodes  dii)ping  10  deg.  west,  and 
varying  in  tliickness  from  a  few  inches  up 
to  4  ft.  The  majority  of  the  stope.-;  do  not 
go  down  more  than  "jO  ft.,  but  the  principal 
one  followed  the  lode  to  a  depth  of  120  ft. 
on  the  dip.  The  stope  had  been  started 
as  an  open  cast  with  a  width  of  about  20  ft. 
along  the  strike,  it  then  bellied  cut  below 
to  a  maximum  width  of  50  ft.  on  the  strike 
coming  down  at  the  bottom  to  15  ft.  The 
average  width  of  the  stope  was  30  in.,  but 
at  places  this  narrowed  down  to  10  in. 
(actually  measured).  At  that  flat  dip  and 
narrow  width  no  full-sized  man  could  work, 
and  the  actual  ore  breaking  must  have  been 
done  by  small  boys  or  an  undersized  race 
like  the  Bushmen.  This  stope  is  of  parti- 
cular interest  from  the  fact  that  a  number 
of  pillars  were  left  in  it,  not  as  might  have 
been  supposed  to  support  the  hanging,  but 
simply  because  the  value  had  gone  out  of 
the  ore.  In  addition  to  following  the  ore 
down  from  the  surface  by  small  shafts  or 
opencasts  there  is  an  instance  at  Weynek 
of  a  working  having  been  entered  by  an  adit 
at  right  angles  to  the  sti'ike  of  the  lode. 

The  longest  continuous  ancient  working 
is  that  on  the  South  End  lode  at  Eooiberg. 
Here  the  ancients  stripped  the  outcrop  from 
the  surface  to  a  depth  varying  from  15  ft. 
to  27  ft.  over  a  length  of  620  ft.  on  the 
strike.  The  average  width  on  the  top  of 
the  cleaned  out  workings  was  20  ft.,  which 
narrowed  down  considerably  at  the  bottom. 
Modern  work  below  that  of  the  ancients  has 
shown  the  existence  of  a  narrow  but  rich 
lode.  450  ft.  of  sampled  development  gave 
an  average  of  11*4V  metallic  tin  over  7  in. ; 
over  a  stoping  width  of  30  in.,  and  at  the 
present  price  of  tin  (£220),  this  is  equivalent 
to  over  80s.  per  ton  mined.  The  probability 
is  that  the  ore  at  surface  was  very  much 
richer,  and  judging  by  the  width  of  the 
workings,  much  wider.  ]\Iuch  of  the  stoped 
out  lode  had  been  filled  in  as  usual.  There 
was  evidence  of  the  filling  havinj^  been 
done  in  two  distinct  periods.  At  one  spot, 
where  the  working  was  being  bottomed  and 
the   filling  had  been   cut  through   from  top 
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a  \d\vv  ol  scscral  [^•r{  in  tliickiirss  ot  slinrp 
l)i()l<fii  \\!i-;ti'  ai!(l  inlihlc  at  tlic  Ijottcin. 
Til  is  was  covcii'd  liv  a  la_\i'i'  alid.it  "2  ft.  tliick 
of  suifac'i'  saii>l,  ahovi'  IIls  \\:!s  aiioth'T 
layer  .)t'  waste  aihl  i  iihhle.  and  e(i\ friiiif  this 
to  lionnal  ^^khiikI  I  -xel  was  a  tii{)  layer  of 
surtaej  sand.  The  intermediate  sand  layer 
was  not  nnitonu  thionyhout  h.it  was  made 
up  of  a  succession  of  laminae  of  li^ht  and 
dark  coloured  saml,  eacli  himina  prohahly 
representinj;  the  wasliiiif^s  in  over  one  rainy 
season,  and  the  numlier  of  laminae  indicat- 
ing,' a  considerable  numhci'  ol  years  occu])ie(l 
by  the  washini;  in  pi'ocess.  The  working 
clearly  slmwed  an  early  period  of  mining, 
then  a  lon<;  interval  of  abandonment 
followed  l)y  a  second  perird  (d  mining  and 
final  abandomiieid .  l-'roui  the  appearance 
•of  some   of   the   icdic^   fo'.nid    here,   some   of 


tlie  WDrk  must  have  been  of  quite  recent 
date.  On  a  ledge,  and  IrcMcn  away  uftt-r 
the  mann-r  of  the  modern  luitive,  was 
loimd  a  gad,  stone  hammer,  knobkerrie 
(Fig.  l  (7),  and  adze  with  handle  (Fig.  4 
(H).  'J'lii'  adze  was  12  in.  long  by  5  in. 
cutting  edge,  which  was  set  at  right  angles 
to  the  ])lane  of  the  handle  and  end<'d  in  a 
taj)ered  shank  which  fitted  into  a  tapered 
hole  in  the  handli- — a  method  of  fastening 
wliich  to-day  is  still  being  used  for  native 
a>:e.;. 

IjillitiiKj. — The  question  ol  imdergrountl 
illinnination  has  <piite  an  impoitant  bearing 
on  the  subject  of  the  age  of  these  workings. 
The  working  shown  in  Fig  H  is  open  to  day 
light,  and  the  afternoon  sun  can  shine  right 
into  the  toe  of  the  stope ;  it  was  therefore 
probably  worked  througliout  without  any 
ai'tificial   illumination.     In   the   case  of   the 
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narrow  and  low  pockets  in  Fig  2  liowever, 
it  was  impossible  for  the  old  miners  to  have 
done  tlie  careful  and  clean  work  which  they 
di<l  without  some  kinil  of  artificial  light. 
Now,  Dr.  Theal  points  out  that  the  Bantu 
have  no  lamps,  and  E.  X.  Hall  infers  from 
this  that  the  ancient  miners  of  Rhodesia 
could  not  have  been  Bantu.  But.  on  the 
other  hand,  no  remains  of  anything  resem- 
bling a  lamp  has  been  found  locally.  It  is 
possible  that  the  darker  workings  were 
mined  in  earlier  times  by  a  people  who  were 
acquainted  with  an  artificial  light,  while 
workings  such  as  illustrated  in  Fig.  3  were 
worked  in  more  recent  times.  This  working 
is  very  extensive  and  unlike  mt).st  other 
workings,  was  never  filled  in  by  the  old 
workers.  As  it  lies  in  the  bed  ol'  a  storm 
water  course  it  became  filled  u|)  with  clean 
water-borne  sand  probably  iu  tiie  space  of  a 
very  few  years.  It  was  holed  into  by 
chance  at  its  deepest  point  55  ft.  below  the 
surface  by  a  modern  drive.  Tlie  working 
was  cleaned  out  in  the  hope  of  finding  ore 
left  in  place,  but  with  disappointing  results. 
At  the  bottom  a  tree  was  found  6  in.  in 
diameter  at  base  and  about  14  ft.  long  with 
the  branches  hacked  of!  about  a  foot  from 
the  stem,  and  which  had  evidently  been 
used  as  a  primitive  ladder.  Tlie  wood  is  said 
to  be,  what  is  locally  called,  Olievenhout, 
and  was  in  a  very  good  state  of  preservation. 
Further,  about  50  ft.  down  an  earthenware 
pot  (Fig.  4  (10)  w^as  found,  which  was  still 
soot  encrusted.  It  is  almost  spherical  in 
shape,  7  in.  in  diameter  and  5  in.  deep,  of 
fairly  coarse  texture  and  resembles  in  all 
respects   a   modern  Basuto  cooking  pot. 

Transport. — The  broken  ore  was  probably 
cai-ried  to  the  surface  in  baskets  or  grass 
bags,  the  material  of  which  is  so  perishable 
that  no  remains  have  been  found.  It  is 
possible  too,  since  a  good  many  earthenware 
pots  have  been  found,  that  these  were  also 
used  for  transport.  The  largest  pot  dis- 
covered (Fig.  4  (9)  was  almost  spherical  in 
shape,  16  in.  diameter  and  14  in.  deep  and 
holding  about  7  gallons.  ^Mention  has 
already  been  made  of  the  discovery  of  a 
crude  ladder,  and  in  an  old  working  on  the 
(Empire  lode  at  Ecoiberg  a  number  of  steps 
or  foot-holds  can  be  seen  which  have  been 
cut  out  from  top  to  bottom  of  the  soft  foot- 
wall  of  the  working,  dipping  at  75  deg. 

Mdalhirgical. — It  has  already  been  men- 
tioned that  some  of  the  ore  was  probably 
ground  to  powder  underground,  though  the 


greater  quantity  was  reduced  to  that  state 
at  surface,  as  is  proved  by  the  large  number 
of  mullers  (Fig.  4  (11)  and  grinding  stone^i 
(Fig.  4  (12)  found  everywhere.  In  the 
course  of  trenching,  broken  ore  has  fre- 
quently been  found  a  few  feet  below  the 
surface,  evidently  having  been  dropped  in 
the  course  of  transj)ortation.  As  these  odd 
pieces  have  almost  invariably  been  of 
extreme  richness  one  is  forced  to  the  con- 
clusion that  the  ancients  only  worked  pre 
of  high  tin  contents. 

The  ore,  after  being  reduced  to  powder, 
was  washed  either  in  flat  dishes  of  earthen- 
ware, closely  woven  baskets  or  perhaps  by 
some  method  of  calabashing,  as  in  Nigeria. 
The  spruit  running  through  the  Epoiberg 
property  was  probably  the  principal  scene 
of  these  washing  operations,  but  in  one  case 
they  appear  to  have  used  an  old  working  as 
a  slime  pit.  This  was  an  ancient  open-cast 
on  the  Empire  lode  at  Eooiberg  roughly 
rectangular  in  shape,  45  ft.  long  by  20  ft. 
wide  at  tpp,  narrowing  down  to  4  ft.  at  a 
depth  of  15  ft.  The  material  in  this  pit 
was  unmistakably  slime  tailing  being  much 
finer  than  the  surrounding  reddish  surface 
sand,  and  was  arranged  in  alternating  light 
and  dark  layers  which  dipped  at  15  deg. 
The  slime  assayed  1"2%  metallic  tin,  and 
some  200  tons  were  excavated  and  treated 
in  the  modern  mill. 

All  the  ore  mined  by  the  ancients  came 
from  near  the  surface,  and  woidd  contain 
little  or  no  sulphide.  By  panning,  the 
lighter  tourmaline,  gangue,  carbonates  of 
copper  and  oxides  of  iron  would  be  easily 
removed  leaving  a  concentrate  of  perhaps 
very  near  70%  metallic  tin.  The  concen- 
trate was  probably  not  calcined,  for  an  ingot 
of  bronze  found  contained  2%  of  arsenic 
w^hile  sevei'al  tin  ingots  discovered  were 
very  impure. 

Smelting. — The  principal  centre  of  smelt- 
ing appears  to  have  been  an  outlier  to  the 
Elandsberg  Eange,  known  as  Smelters  Kop 
(Fig  5).  The  kop  is  a  steep,  fairly  flat- 
topped  hill  about  IJ  miles  from  the  Eooiberg 
mine.  The  edge  of  the  plateau  on  top  is 
guarded  by  the  usual  rough  Basuto  stone 
schanzes,  such  as  may  be  found  anywhere 
in  the  Transvaal.  Scattered  over  the  top 
are  many  small  slag  heaps— some  of  the 
slag  containing  quite  considerable  sized 
beads  O'f  tin — and  innumerable  broken  pieces 
of  coarse  earthenware.  These  are  the 
remains   of   (•rucit)les    and   tuyeres  used   by 
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tlu'  ancii'iits.  Tlit'  iiortion  of  a  tuyere  shown 
ill  Fig.  4  (4)  is  i-yliii(liical,  external  diameter 
;J   in.   and   internal  dianu'ter   \\   in. 

It  is  much  to  he  deplori'd  that  in  tiie 
t'arly  days  of  modern  mining  liere,  the  value 
of  Smelters  Koji  as  a  record  of  the  past 
was  not  recognized  and  that  no  attempt  was 
made  to  properly  investigate  the  smelting 
site.  A  decade  of  picnicking  has  done  much 
to  obliterate  any  evidence  which  could  have 
been  scientifically  recorded.  It  is  impossible 
therefore  to  reconstruct  their  smelting 
furnaces,  which  were  probably  iilast  fur- 
naces similar  to  the  primitive  kind  formerly 
used  in  the  Straits  by  Chinese.  The  blast 
may  have  been  produced  after  the  Bantu 
maimer  with  two  skin  sacks,  or  after  the 
Chinese  manner  with  a  hollowed-out  tree, 
with  piston  and  long  piston  rod. 

.\part  from  Smelters  Kop,  numerous 
smelting    sites   with    their   remains   of   slag 


and  broken  nozzles  are  to  be  found  on 
()liev(Mibosch,  Haartebeestfontein,  Weynek 
and  Blaauwbank.  On  the  latter  farm  a 
most  interesting  ancient  furnace  bottom  was 
discovered.  It  was  a  circular  ring  of  hard 
baked  clay,  about  2  ft.  in  diameter,  and 
stood  up  about  \\  in.  alxive  the  sunound- 
ijig  veld.  In  the  sand  on  the  outside  of  it 
was  found  an  unformed  lump  or  ingot  of 
bronze  (Fig.  4  (3),  evidently  the  result  of 
an  overflow  of  molten  metal  through  a  crack 
in  the  bottom  of  the  furnace.  The  compo- 
sition of  the  ingot  was  as  follows:  — 
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{I). — Tin    Ingot,    f  amp    Wo:  .ings,    Rooiberg. 
(2). — Portion    of    Copper    li.got,    Smelters'    Kop. 
(3). — Bronze    Ingot,    Blaauwbank. 
(4).— Tuyere.  (5). — Gads. 

(6). — Hoe.  (7). — Knobkerrie. 


(8).— Adze,    with    Handle. 

(9)    and    (10).— Pots. 

(11)  and  (12).— Top  and  Bottom  Grinding  Stones. 

(13). — Stone    Hammers. 

(14).— Stone    Ball. 
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Tiie  presence  of  arsenic  may  be  due  to 
non-calciuation  cf  tiie  tin  concentrate  used ; 
but  the  nickel  content  is  rather  remarkable. 
It  is  interesting  to  note  that  this  farni 
Blaauwbank,  where  tiie  ingot  was  found,  is 
one  of  the  few  places  in  South  Africa  where 
nickel  is  known  to  occur.  On  the  western 
boundary  of  Haartebeestfontein  small  heaps 
of  slag  have  recently  been  discovered  con- 
taining 30^;  to  3.')"  cf  oxide  cf  tungsten  and 
2A      of  metallic  tin. 

Of  the  remains  discovered,  mention  has 
already  been  made  cf  gads,  hammers,  adzes, 
pots.  etc. 

The  following  further  finds  have  been 
recorded :  — 


human  shin  bones;  teeth  of  some  large 
quadruped,  probably  quagga,  and  numerous 
pieces  of  tortoiseshell,  chipped  arrow  heads 
of  hard  felsite  and  digging  stones  have  also 
been  found,  but  only  in  the  sand  over- 
burden, and  are  almost  certainly  of  Bush- 
man origin. 

One  more  evidence  of  tlie  ancient  occu- 
pation of  tiiis  district  is  an  ancient  road 
(see  Fig.  5),  which  starts  from  the  nek,  join- 
ing Smelters  Kop  to  the  Eland;-berg  and 
climbs  the  latter  in  a  northerly  direction 
and  at  the  summit  turns  east,  is  lost,  or  at 
any  rate,  has  not  been  further  traced.  It 
has  been  cut  out  of  the  side  of  the  hill, 
and  the  excavated  material  filled  in  on  the 


Fig.    5.— Smelters'     Kop    with    Elandsberg    Range,    showing    Ancient    Road    in    background. 


A  couple  of  ingot.-;  of  tin  (P'ig.  4  fl)  from 
the    Camp    workings,    Rooiberg,    containing 
95-3%    metallic    tin.        An    ingot   of   copper 
(Fig.     4     (2),     found     en     Smelters     Kop 
(analysis     not     available).       A     stone     ball 
(Fig.  4  (14;  almost  truly  spherical,  diameter   ! 
2i  in.   with  a   circumferential  groove   ^  in.    I 
wide  by  l/16th  in.  deep.     Object  or  use  of   | 
same  is  not  known.     A  hoe  (badza)  (Fig.  4   j 
(6j    similar   to  present   day   hoes  of   native    j 
manufacture.        Rones,      supposed      to     be 


down  hill  edge  of  tlie  road,  and  it  is  wide 
enough  to  take  a  wheeled  vehicle.  The 
rood  was  not  made  by  any  Bantu,  for  no 
Kafir  has  ever  been  known  to  pick  a  stone 
out  of  his  path — he  will  either  step  over  or 
go  round  it — and  he  never  has  been  known 
to  build  a  path,  besides  it  is  much  too  broad 
for  a  native  road  and  apparentlj'  leads  no- 
where. From  its  state  of  dilapidation  and 
the  vegetation  growing  in  it,  it  must  be 
very   f;ld.      It    has    not    been    made    hv    the 
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Voortrekkors  iioi-  hy  niiv  dtlni-  Hours,  for 
no  HocT  WD'.ilil  cliiiil)  (i\cf  ;i  hill  when  he 
I'ould  go  (II  tlir  tl;it,  round  citluT  end  of  th(^ 
nitiyi'  iis  *'!'"  '"'  t'iisily  done.  It  is,  lliere- 
fore,  (d'  eailier  ;i,l;i'  than  citlirr  Hantii  or 
Boer. 

Smelters  Kop  was  a  sort  (d"  .Veropuiis, 
■overlooking,'  the  Kouiherg  Valley  —  well 
situated  lor  delence — a  plaee  of  refuge  dur- 
ing times  of  battle  and  raids  i)y  other  tribes. 
The  road  may  therefore  have  been  built 
with  the  ,ol)ji'et  of  insuring  the  safety  of 
travellers  —  |)erhaps  heavily  laden  with 
ingots-  :n  an  eastei'ly  direction  towards  the 
et)ast.  The  read  is  so  exposed  that  no 
raiders  eould  apptoach  the  road  unseen  and 
aml)ush   the  travidlers. 

Historical.  —  Who  were  the  ancient 
miners,  and  when  did  they  work  here?  The 
presence  of  underground  timber  in  a  very 
good  state  of  preservation,  the  compara- 
tively small  size  of  the  tiees  growing  in 
some  of  the  large  workings,  and  the  finds 
of  crude  earthenware  pots  and  implements 
pointing  to  a  race  resembling  and  no  fiu'ther 
advanced  than  present-day  l^asntos,  all  tend 
to  show  that  some  of  the  workings  are  of 
very  recent  date.  Confirmation  of  this 
coidd  be   deduced   from  the   following:  — 

In  1728  Jan  v.  d.  Capelle,  an  official  of 
the  Dutch  East  India  Company  at  Delagoa 
Bay,  reported  to  the  Governor  and  Council 
of  the  Policy  at  the  Cape*  (translation).  "At 
the  end  of  the  year  just  passed  natives  have 
been  at  La  Goa  from  the  countries 
■■  Paraotte  "  and  "  Machicosje,"  who  not 
only  brought  cop])ei-  but  also  tin  for  purppses 
of  barter;  the  copper  was  of  ver^-  fine 
colour;  the  tin  was  of  medium  good  colour, 
but  somewhat  brittle  and  light  as  may  be 
seen  from  twp  samples  of  staves  (bars  or 
ingots);  one  of  these  is  much  harder  than 
the  other,  as  would  happen  if  remelted. 
They  state  that  the  tin  was  found  on  the 
banks  of  a  river  in  the  country  "  ^Machi- 
cosje,"  is  gathered  in  baskets,  cleaned  of 
sand  and  then  smelted  to  bars  for  the  pur- 
pose of  barter.  All  the  inland  dwellers  use 
this  tin  (also  such  as  they  buy  from  us), 
which  they  alloy  with  copper  for  the  purpose 
of  making  necklets  and  bracelets.  That  is, 
no  doubt,  the  reason  why  their  ornaments 
have  such  a  high  polish  and  are  more  pliable 
than  those  of  the  Company." 

Nine  years  later  this  same  van  de  Capelle 
reported  to  the  Cape  that  he  had  purchased 
56    bars    of    tin    from    natives    at  Delagoa. 

*  See  Thi-al,   "Yellow  an  1  I'drkskiiiii' d  People,"  v- 241. 


Now,  liooiberg  is  only  200  miles  due  west 
of  Delagoa  Bay,  and  it  is  <]uite  a  fair  infer- 
ence to  assume  that  these  bars  came  from 
Kooiberg  or  its  neighbourhood.  Dr.  Moffat 
mentions  thai  as  late  as  1H2G  he  came 
across  a  .Mohurutsi  copper  smith  near  the 
.Molopo  who  could  smelt  bronze,  and  with 
a  draw  plate  drew  his  own  coj)per  or  bronze 
wires  for  making  bracelets.  All  this  would 
point  to  the  very  mo<lern  date  of  the  work- 
ings under  discussion  by  people  of  Bantu 
stock,  either  ]3asuto  or  liapedi. 

A  careful  estimate — though  only  an 
approximation  of  course — shows  tiuit  18.000 
tons  of  ore  were  taken  from  the  Kooiberg 
area  alone.  We  know  from  the  small  lots 
of  ijroken  ore  occasionally  found  that  the 
old  workers  only  smelted  ore  high  in  tin  con- 
tents. Their  tailings  went  over  1  '  metallic 
t'n,  and  their  average  recovery  was  probably 
not  less  than  ")'  '  metallic  tin.  18,000  tons 
at  5%  metallic  tin  would  give  a  recovery 
of  1)00  tons  or,  sa}'  in  round  figures,  1,000 
tons  of  metal.  Judging  by  analogy,  it  is 
fail-  to  assume  tliat  from  Weynek,  Leeuw- 
po(ut,  etc.,  a  further  1,000  tons  was 
I'ecovered,  or  an  output  of  2,000  tons  from 
this  whole  area.  The  great  majority  of  this 
would  be  turned  into  bronze.  Assuming 
that  the  average  alloy  had  the  tin  contents 
of  tlie  locally  found  lironze,  i.e.,  1%  metallic 
tin,  the  2,000  tons  of  tin  expressed  as  bronze 
would  amount  to,  rouc;hlv,  30,000  tons. 
What  became  of  this  GO.000.000  lb.  of 
bronze?  The  Bantu  in  the  1.000  years 
since  they  crossed  the  Zambesi  could  not 
have  used  up  that  quantity  for  bracelets 
and  necklets  only,  that  is  quite  out  of  the 
question. 

We  are,  therefore,  forced  to  conclude  that 
tlie  mining,  though  some  of  it  is  recent, 
extended  over  a  very  much  longer  period 
than  1,000  years,  and  that  a  large  portion 
of  the  bronze  was  not  absorbed  by  South 
Africa,  but  was  exported.  There  must 
therefore  have  been  some  remote  period, 
when  these  mines  were  opened  up  and  the 
product  smelted  and  utilized  by  an  ancient 
civilized  race  of  traders.  In  fact  we  come 
to  the  point  of  correlating  the  ancient  tin 
miners  with  the  ancient  gold  miners  of 
Rhodesia.  The  writer  is  indebted  to  the 
works  of  Theal  and  R.  N.  Hall  for  the 
following  short  summary  of  the  main  facts 
ol)served   by  these  and  other  authorities. 

Th-:^  native  races  of  South  Africa  can  be 
d-v^d'jd  into  three  great  groups,  Bushmen, 
Hottentots     and     Bantu.       The     Bushn^-i 
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were  the  aboriginal  inhabitants  of  South 
Africa.  They  were  nomads,  in  the  lowest 
scale  of  civilization,  and  did  not  know  the 
use  of  iron,  copper  or  tin.  The  Hottentots 
migrated  across  Africa  in  a  S.W.  direction, 
crossed  the  Cunene  into  what  was  German 
South-West  Africa  and  stuck  to  a  compara- 
tively nanx)W  strip  round  the  west  and 
south  coast  of  South  Africa  till  they 
reached  Pondoland.  where  they  came  in 
contact  with  the  stronger  and  more  war-like 
Bantu,  and  their  progi-ess  stopped,  nor  did 
they  penetrate  inland.  The  Bushmen  and. 
Hottentots  are  therefore  excluded  from  any 
further  consideration  in  this  matter. 

The  Bantu  crossed  the  Zambesi  some 
time  about  the  year  700  or  800  A.D.  The 
first  authentic  record  of  them  is  by 
Massoude,  an  Arab  historian  of  some  note, 
who  visited  the  Mozambique  coast  in  the 
year  015  A.D.  He  states  that  the  Bantu 
were  then  as  far  south  as  Cape  Corrientes 
(north  of  Delagoa).  He  also  desci-ibed  the 
coast  of  Sofala,  and  refers  to  the  ancient 
long  established  trade  between  the  Arabs 
and  the  east  coast  of  Africa  in  gold,  amber 
and  ivory,  whicli  had  been  exported  to 
Arabia,  India  and  China.  In  1505  the 
Portuguese  settled  at  Sofala.  From  915 
to  1505  there  are  numerous  Arab,  and  from 
1505  to  1750  numerous  Portuguesp  records 
which   bring  out  the  following  points. 

The  Arabs  did  not  penetrate  far  inland, 
and  did  not  mine  for  gold.  The  Portuguese 
did  not  mine  for  gold,  but  went  into  the 
interior  in  searcli  of  slaves.  \Yhat  gold  was 
brought  to  the  coast  by  natives  during  this 
period  was  alluvial  gold,  and  only  in  very 
small  quantities.  Both  Arab  and  Portu- 
guese records  lay  stress  on  the  fact  that  the 
natives  had  no  gold  ornaments  and  placed 
no  value  on  gold,  whereas  copper  and  bronze 
ornaments  were  highly  esteemed  by  them. 

The  Hinterland  of  Sofala,  the  Khodesia 
of  to-day,  has  been  occupied  for  over  1,000 
j'ears  by  the  Makaranga.  a  Bantu  tribe 
showing  strong  traces  of  Semitic  influence. 
They  were  a  pastoral  people,  had  no  use  for 
gold  and,  except  for  a  little  alluvial  washing, 
did  no  mining  of  any  sort.  It  is  generally 
accepted  that  in  pre-Koranic  daj's,  i.e., 
before  the  year  600  A.D.  a  Semitic  people 
who  probably  came  from  Southern  Arabia 
intruded  into  Pihodesia.  They  ai'e  supposed 
to  have  come  in  up  the  Sabi  Eiver.  These 
intruders  were  skilful  miners,  keen  pros- 
pectors, clever  metallurgists  and  masons  of 
no  mean  order.  They  were  the  originators 
of   the   deep   rock   mines  in   Rhodesia,   and 


the    builders  of   the   many    ruins   scattered 
about  the  country  of  which  Great  Zimbabwe 
is  the  outstanding   example.        Hall  shows.] 
that     there     are     several     of     these     ruina. 
(unexamined)  in  the  Transvaal  between  the 
Limpopo  and  the  Letaba,   and  Mr.   Trev.orj 
informs    me    that    quite    recently    a    square; 
built  ruin  witli  tiled  floor  lias  been  found  in 
Sekukuniland. 

Theal  states  that  the  Bantu  had  no  know- 
ledge of  bronze,  and  he  is  supported  by 
Trevor,  who  says  that  there  is  no  record  of 
any  native  race  south  of  Benin  and  the 
Gold  Coast  beijig  acquainted  with  bronze 
or  tin.  This  general  statement  must  how- 
ever, be  modified  for  it  has  been  shown  that 
bronze  was  smelted  locally,  and  there  is 
Jan  van  de  Capelle's  statement,  quoted 
above,  that  at  the  beginning  of  the  18th 
century  the  natives  were  known  to  have 
alloj^ed  tin  and  copper  to  make  bronze 
ornaments.  There  must  have  been  a. 
demand  therefore  for  bronze  by  at  least  a 
small  circle  of  natives  and  to  manufacture 
which  some  of  the  local  old  tin  mines  were 
worked  up  to  anyway  200  years  ago.  What 
could  this  demand  have  been?  1,000  lb.  of 
bronze  containing  7/'  metallic  tin  is 
equivalent  to  roughly  one  ton  of  tin 
ore  giving  a  3%  metallic  tin  recovery. 
Take  only  one  of  the  more  recent  work- 
ings, such  as  that  shown  in  Fig.  3,  from 
which  900  tons  of  ore  has  been  taken.  With 
an  output  of  one  ton  per  annum  it  may  have 
taken  900  years  to  exhaust  this  one  mine, 
thus  putting  the  start  of  the  mine  at  or 
about  the  time  the  Bantu  crossed  the 
Zambesi. 

How  reconcile  the  evident  antiquity  with 
the  comparative  modernity  of  some  of  the 
workings?  The  writer  would  advance  the 
following  theory: — The  original  tin  miners 
were  contemporaries  of  the  ancient  gold 
miners  of  Rhodesia ;  that  is,  they  were 
contemporaneous  in  a  wide  sense  not  over 
a  range  of  a  few  years  or  even  a  few  decades, 
but  they  were  the  same  people  and  coming 
south  prospecting  for  gold,  they  struck  and 
worked  the  copper  deposits  at  Palabora  and 
Messina  and  the  tin  deposits  in  the  Rooi- 
berg-Leeuwpoort  area  and  smelted  both  to 
bronze,  which  was  exported  bv  them.  When 
the  intruders  left  South  Africa  they  left 
behind  them  workmen,  who  had  been 
taught  mining  and  metallurgy  of  gold, 
copper  and  tin.  Some  of  these  workmen 
may  have  been  Bantu,  others  were  certainly 
imported  labourers  from  Western  Asia  who 
probably     became     incorporated     with     the 
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liaiitu.  Now  lilt'  l<ti<)\\liMl<:o  of  pold  in'miii^' 
ami  rt-eovery  would  sck>ii  die  out  lor  tliu 
rofords  show  tluit  in  historical  times,  i.e., 
-since  015  A.  I).,  tiie  natives  placed  no  valuer 
on  gold.  There  was,  however,  at  all  times 
u  keen  demand  for  copper,  bronze  and  con- 
sequently tin  for  the  makino:  of  ornaments. 
The  knowledge  of  mining  and  mctallur<jy  of 
tin  would  therefore  continue  amongst  the 
natives  and  would  he  handed  down  tradi- 
tionally from  father  to  son  in  certain 
families.  Although  the  bulk  of  the  tin  was 
probably  removed  in  pre-historic  times, 
sporadic  mining  was  persisted  in  until  quite 
recent  times.  This  theory  ,of  the  writer 
would  therefore  account  for  the  large  quan- 
tity of  tin  mined,  and  yet  explain  why 
evidences  of  such  recent  mining  are  met 
with. 

In  conclusion,  the  writer  has  to  thank  the 
managements  of  the  Rooiberg  and  Leeuw- 
poort  mines  for  permission  to  make  use  of 
data  and  drawings,  etc.,  and  for  the  notes 
received  from  local  observers  interested  in 
this  subject. 
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The  President:  I  am  sure  the  Society 
must  feel  extremely  gratified  in  having 
before  it  a  paper  of  this  description,  which 
shows  great  technical  care  and  appreciation 
of  the  ethnological  features  that  have  been 
left  here  by  the  ancient  miners  of  the  old 
da3"s.  I  do  not  propose  to  discuss  it  at  this 
i^tage,  but,  at  the  same  time,  I  may  refer 
to  one  or  two  points  that  struck  me  while 
the  paper  was  being  read.  The  author 
seems  puzzled  by  the  fact  that  the  ancient 
worker  tries  to  conceal  all  traces  of  his 
work.  That,  to  me,  does  not  appear  so 
extraordinary.  It  is  customary  all  over 
South  Africa  where  ancient  workings  have 
been  found  to  find  great  care  exhibited  on 
the  part  of  the  ancients  to  hide  their  tracks. 
The  author  mentioned  just  now,  for 
example,  that  Leeuwpoort  had  extracted 
80,000  .tons  of  ore  from  practically  immedi- 
ately below  the  surface.  Whether  the 
ancients  had  any  inkling  of  this,  it  is  very 
difficult  to  say ;  but  it  looks  very  much  as 
if  they  smelt  something  or  other;    they  had 


a  good  reason  for  hiding  their  tracks,  as  1 
say.  The  point  the  author  makes  about  the 
analysis  of  the  l)ron/e  showing  3/  nickel 
and  the  fact  that  tln-re  has  been  no  subse- 
(juent  exploitation  of  nickel  in  that  district 
is  of  considerable  interest. 

He  is  also  to  be  very  mueli  congratulated 
for  taking  the  trouble  to  bring  down  for 
exhibition  this  collectioji  of  instruments  and 
implements  which  he  has  found  and  whicli 
you  may,  I  think,  call  an  original  find  on 
his  part;  that  is  to  say,  he  luis  searched 
them  all  out  himself  and  traced  very  fairly 
their  possible  use.  He  pointed  out  what 
he  calls  a  hoe,  which,  to  me,  looks  like  a 
very  fair  attempt  at  a  primitive  shovel. 

Another  point  of  interest  that  appealed 
to  me  was  his  mention  of  fire-setting.  To 
the  miner  who  has  read  his  historical  text 
books,  fire  setting  has  always  been  known 
as  one  of  the  first  methods  of  breaking 
ground,  and  in  the  case  of  fire  setting  in 
Norway  that  he  mentions,  I  have  had  the 
privilege  of  seeing  the  workings  exploited 
by  this  method.  Although  they  are  reinark- 
able,  they  must  have  been  very  similar  to 
the  type  of  mining  he  describes  here,  in  that 
the  principle  of  fire  setting  was  to  break 
away  the  ground ;  they  heaped  up  piles  of 
firewood — ht  a  large  fire  and  then  came  in 
later  and  quenched  both  the  fire  and 
the  heated  rock.  Whether  they  had  gas 
masks  or  not  in  those  days  I  do  not  know; 
they  did,  however,  go  in  to  the  face  with 
gads  and  trimmed  the  sides  of  the  workings, 
because  the  sides  of  the  tunnels  that  are 
known  as  having  been  driven  by  fire  setting 
were  extremely  smooth;  the  time  and  care 
that  must  have  been  taken  to  trim  these 
workings  is  difficult  for  us  modems  to 
understand. 

The  connection  between  bronze  and  tin 
naturally'  brings  one  to  the  conclusion  that 
there  must  have  been  some  close  connec- 
tion with  the  ancient  workings  that  are 
familiar  to  many  of  you  in  the  Palabora  and 
Messina  Districts,  and  it  is  probable  that 
these  places  were  the  source  of  the  copper 
that  w^as  used,  which  must  also  have  been 
brought  from  some  locality  which  was  no 
further  from  Delagoa  Bay  than  Rooiberg. 
I  must  confess  my  ignorance,  although  I 
have  heard  a  great  deal  from  men  in  that 
part'  of  the  world  about  instiaiments  and 
old  workings  in  those  districts  I  have  never 
been  fortunate  enough  to  examine  them. 
I  suggest,  however,  that  there  must  have 
been  some  very  close  connection. 
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There  is  only  one  other  point  I  should 
like  to  mention,  and  that  is.  in  the  course 
of  the  author's  theories  as  to  the  type  of 
people  who  were  engaged  in  this  work,  he 
mentions  that  the  people  who  woi-ked  in 
those  districts  were  of  Semitic  origin,  and 
had  no  interest  whatsoever  in  or  liking  for 
gold.  Of  course,  this  is  a  little  hit  ditticult 
for  the  modern  man  to  understand :  but 
there  may  have  been  a  very  good  reason  for 
it  in  those  days. 

Dr.  E.  T.  Mellor  (Mcnibcn:  I  sliould 
very  niueli  like  to  second  the  vote  of  thanks 
propo.scd  to  the  author  for  his  extremely 
interesting  paper.  It  has  often  occurred  to 
me  that  men  who  are  working  for  an}'  con- 
siderable time  in  outside  districts  have  very 
excellent  opportunities  of  writing  papers 
such  as  the  author  has  read  to-night ;  but 
I  am  afraid  thost-  oytportunities  are  not  very 
often  taken.  I  think  sometimes  the  writer 
gets  hah  way,  beL-omes  discouraged,  and 
does  not  go  furtiier. 

I  think,  therefore,  it  is  extremely  satis- 
factory^ to  listen  to  a  paper  like  the 
author's,  because  he  has  carried  it  out  to 
very  great  completeness;  and,  to  some 
extent,  he  has  followed  out  netirW  all  the 
lines  of  enquiry  which  arise  from  the  main 
subject  of  the  paper. 

I  have  had  an  opportunit}-  of  seeing  some 
of  the  illustrations  the  author  has  prepared 
and  these  are  equally  interesting  with  the 
rest  of  the  paper.  When  we  consider  that 
such  papers  as  these  are  of  very  great 
interest  to  people  not  acquainted  with  the 
local  cr;nditions,  it  adds  much  to  their  value 
when  illustrations  such  as  the  author  has 
prepared,  are  attached  to  them. 

The  author's  collection  of  specimens  alsc) 
I  think  is  extremely  interesting,  and  I  have 
been  wondering  wliat  he  intends  to  do  with 
it.  1  think  it  would  be  a  pity  if  a  collection 
of  that  kind  were  broken  up  in  any  way. 
Its  chief  interest  lies  in  tlie  fact  that  it 
contains  practically  the  whole  outfit  of  the 
primitive  miner  and,  I  think,  if  kept 
togetlier  and  ])resented  to  some  suitable 
quarter  the  collection  will  serve  the  best 
purpose  to  which  it  can  be  put. 

I  have  very  great  pleasure  in  seconding 
the  vote  of  thanks  to  the  author. 

The  vote  of  thanks  was  agreed  to  jjcmi. 
con. 


THE  APTLR'ATIOX  OF  THE  THEORY 

OF    I'HOHAHIIJTV    IN"    THE 
DETERMINATION  OK  OHE  RESERVES 

By   G.    A.    W'atkumeyki;    (Member  of 
Council.) 


(Printed  in   Journal,  .Idniiary,   1919.) 


DISCUSSION. 

'Sir.  Watenneyer  gave  a  sliort  introduc- 
tion of  his  paper,  and  demonstrated  briefly 
an   experiment. 

The  President:  Tliis  paper,  which  the 
author  has  compiled  with  great  care  and 
study,  has  only  been  in  your  hands  a  few 
hours  owing  to  circumstances  over  which 
the  Secretary  had  no  control.  Therefore, 
it  is  quite  useless  to  attempt  a  discussion 
on  it  to-night.  Those  who  have  glanced 
through  it  will  obviously  understand  the 
trouble  and  care  that  the  author  has  taken 
in  preparing  it.  Whether,  on  perusal,  you 
will  agree  with  his  views  remains  to  be  seen, 
and  I  hope  that  many  of  you  who  are  con- 
versant with  this  particular  abstruse  subject 
will  malve  your  voices  heard.  He  men- 
tioned Galton  as  waxing  eloquent  on  the 
chai-m  of  statistics.  If  he  had  only  been 
connected  with  gold  mining  he  would  never 
have  made  such  a  statement  in  his  life. 

I  hope  to  say  something  later  on  the 
svibject,  because  it  is  one  of  very  great 
importance;  and  I  will  inst  leave  the 
matter  there  by  thanking  the  author  very 
much  for  bringing  it  forward,  and  I  hope 
that  the  discussion  that  follows  on  it  will 
be  worthy  of  the  trouble  he  has  taken  in 
writing   the   paper. 


THE    ESTI.MATIOX    OF    IN.JURIOUS 

DUST    IN    MINE    A I II    BY    THE    KOTZE 

KONIMETER. 


By    John    Innes    (Associate). 


(Printed  in  Journal,  March,   19/8.) 


REPLY  TO   DISCUSSION. 

Mr.  John  Innes  (Afisnriatc) :  I  was 
pleased  with  the  reception  accorded  to 
the  paper,  and  wish  to  thank  all  who 
joined  in  the  discussion,  which,  however, 
has  extended  far  beyond  the  subject  covered 
by  the  title.  In  this  reply  an  endeavour  is 
made   to  include  this  extension. 

I  regret  that  more  of  those  who  were  not 
convinced   of   the    superiority   of   the   koni- 
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nu'tt'i-    tlid    not    liiivi'    suH'R-it'iit    intriL'st    to 
Hpeak    on    this    niattrr. 

Tilt"  expt'rit'UC't'  and  lesults  ot  tlu-  last 
oK'Vt'ii  months'  work  whicli  I  shall  givi-  you, 
will  indiifctly  answer  some  ot  the  criticisms 
brougiit  forwartl. 

It  was  not  my  intention  to  depreciate  the 
good  work  done   in  tlie  past  by  the  sugar- 
tube  method,  and  I  can  readily  believe  that 
konimeter    samples    taken    ten    years    ago 
would    be   imcountable   owing   to   the   enor- 
mous amount  ot  dust  present.      At  the  same 
time,   1   recognised  that  the  best  method  of 
estimating    dust     in    air    was    a     scientific 
question    to    be    dealt    with    in    a    scientific 
manner,  and  therefore  I  was  opposed  to  the 
attitude  of  many  who  appeared  to  be  pre- 
judiced  in  favour  of  the  sugar-tube  method. 
There   is   no  doubt   that   the   use   of   the 
konimeter  requires  greater  care  and  skill  on 
the  part  of  the  mine  dust  sampler  t'lan  is 
required  bv'  the  sugar-tube  method,  because 
in  the  first  ease,  all  the  work  is  done  on  the 
mine,    although    this   should   not    be   neces- 
sary, whereas  in  the  latter  method,  he  ha^ 
only    to    supervise    the    pumping.        Some 
attention  is  required  to  keep  the  konimeter 
in  a  gccd  working  condition. 

Mr.  Weinbren  noticed  that  counting 
affected  his  ej^esight,  but  the  dust  sampler 
on  the  Ferreira  Deep  has  been  using  the 
microscope  for  counting  since  December, 
1917,  without  noticing  any  effect.  The 
microscope  used  by  ^Ir.  \\'einbren  on  the 
Kobinson  Deep  was  not  good  enough  to 
obtain  proper  illumination  of  the  dust 
particles,  and  this  probably  accounts  for  the 
strain  on  the  eyesight.  As  suggested  by 
Mr.  Adam,  counting  is  dispensed  with  on 
some  mines,  the  sample  being  classified  as 
bad,  fair,  good,  etc.,  according  to  its  appear- 
ance, and  this  is  quite  suliicient  for  most 
purposes. 

^Ir.  ^IcArthur  Johnston  mentioned  Dr. 
Hill,  of  Chicago,  as  having  used  an  instru- 
ment similar  to  the  konimeter,  and  Capt. 
Carson  of  the  American  Red  Cross  Expedi- 
tion tc  Palestine  also  spoke  of  Dr.  Hill's 
work.  I  have  been  in  communication  with 
Dr.  Hill,  and  he  was  good  enough  to  send 
me  a  pamphlet  describing  the  various 
attempts  that  he,  and  others,  had  made  to 
determine  the  amount  of  dust  in  air.  The 
final  design  was  on  the  konimeter  prin- 
ciple, and  consists  of  a  hand  pump  which 
draws  air  through  a  cylindrical  nozzle 
^  in.  in  diameter.  The  dust  is  caught  on  a 
sticky  surface,  but  he  found  that  only  a 
certain    percentage    is    caught    on    the    first 


surface.        The    volume    of   each    stroke    is 
4    cub.    in.,    and    the    minimum    number   of 
strokes    which    would    be    made    in    u   room 
wiiere  no  attempt  had   been   made   to  free 
the  ventilating  air  from  dust  is  five.     This 
is  equivalent  to  328  cc,  or  almost  Of)  puffs 
with  the  Kotze  konimeter.      It  would  appear 
therefore  that  Dr.  Hill's  instrument  is  con- 
siderably less  efficient  than   the   konimeter, 
due  possibly  to  the  low  air  velocity  through 
the  nozzle,  wiiich  is  five  times  the  diameter 
of  that  used  in   the  konimeter,  an<l  also  to 
the  distance  of  tlie   nozzle   from   the  slide. 
Dr.   Hill  stated  that  the  chief  objection 
he  saw  to  the  konimeter  was  the  fact  that 
all  dust  might  not  be  caught  on  the  slide. 
It   is  obvious   that   with    large    amounts   of 
dust  the  vaseline  would  be  covered  with  a 
layer    of    particles    which     would    prevent 
others  from   finding   any   sticky   surface   for 
attachment,    and    in    most    cases   a    certain 
number  of  particles  would  strike  others  and 
pass  over,  so  that  if  the  konimeter  is  to  be 
made  absolute,  the  air  should  be  made  to 
pass  tin'ough  more  tlian  one  nozzle  to  catch 
the   dust   which   comes  over  from  the  first 
slide.     This    leads    to    the    latent    develop- 
ments of  the  konimeter.     No  definite  results 
are     yet     available,     and     I     am     indebted 
to    Mr.     Harris    of    the    Princess    Estates 
for  many   of  the   ideas  which   I   shall  now 
place    before   you.     ^Ir.    Harris  designed    a 
konimeter  with  two  nozzles  in  the  hope  tluit 
it  would  be  possible  to  obtain  a  classification 
of  the  dust.     It   was  expected   that   if  the 
air    passed    through    a    nozzle    1    mm.    in 
diameter  placed,  say,  2  mm.  from  the  slide, 
and    then    through     another    0"5    mm.     in 
diameter,   placed   O'o   mm.    from   the   slide, 
onh'  the  large  particles  would  have  sufficient 
momentum  to  reach  the  first  slide,  while  the 
small  ones  would  be  caught  on  the  second 
slide.     I   had   a   konimeter  made   with   two- 
nozzles  as  above,  but  unless  large  amounts 
of   dust   were    present,    practically   all   was 
caught   on    the    first   slide,    and   where    the 
amount  was  sufficient  to  give  a  spot  on  the 
second  slide,   actually  only  the  finest  dust 
came  over.     Classification  was  not  obtained, 
however,   on   account  of   the   large   amount 
of  fine  dust  which  was  caught  on  the  first 
slide.     Further  experiments  in  this  direction 
may    be    indicated.     Their   aim    was,    if    a 
count  of  200  particles  per  cc.   is  the  allow- 
able  limit,    to   design   a   nozzle   which   will 
only  catch  this  amount  on  the  first  shde : 
then    any    spot    on    the    second    slide    will 
indicate   the   degree  of  danger.     The  latest 
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konimeter  designed  by  IMr.  Harris  will  make 
lx>th  spots  on  one  slide,  which  is  a  great 
iidvautage. 

I  have  here  (exhibiting)  a  double  nozzle 
circular  konimeter  which  he  has  designed. 
Its  chief  features  are  the  flush  nozzles, 
which  allow  large  air  spaces  to  be  elimi- 
nated, and  the  metal  slides  which  fit  into 
each   other  when   being  transported. 

Mr.  Hams  has  also  carried  out  exi)eri- 
ments  with  the  sugar-tube  metliod,  which 
have  a  bearing  on  the  konimeter  method, 
a  short  account  of  which  he  has  kindly 
allowed  me  to  place  before  30U.  He  fixed 
up  a  chamber  through  which  the  air  passed 
after  having  gone  through  the  sugar-tube. 
A  vaselined  slide  was  placed  in  this  chamber 
on  to  which  the  air  impinged.  In  a  damp 
atmosphere  he  found  that  on  each  of  the 
first  five  strokes  of  the  pump  the  amount 
of  dust  caught  on  the  slide  was  uncountable, 
and  that  only  when  the  sugar  became  moist 
did  it  appear  to  catch  the  dust,  but  by  no 
means  even  then  did  it  catch  all  the  dust. 

In  the  crusher  house  on  a  di*y  day  where 
the  sugar  did  not  become  moist,  he  found 
large  amounts  of  dust  passing  over  all  the 
time,  and  believes  that  the  w^eight  found 
by  the  sugar-tube  under  such  circumstances 
is  due  almost  entirely  to  the  large  particles 
caught  by  the  cotton  wool.  I  have  repeated 
these  experiments  and  have  here  a  sample 
of  the  dust  caught  in  this  manner.  The 
dust  is  easily  seen  without  the  aid  of  a 
microscope,  and  includes  a  number  of  small 
crystals  of  sugar. 

In  my  tests  the  tube  leading  from  the 
sugar  was  not  reduced  in  diameter,  so  that 
possibly  a  large  amount  of  dust  was  not 
caught,  and  I  am  thus  unable  to  fully 
confirm   ^Ir.    Harris's  experience. 

Mr.  Hanis  expresses  the  opinion,  which 
seems  reasonable,  that  the  catching  of  dust 
by  moist  sugar  is  really  done  on  the  koni- 
meter principle,  because  the  rapid  passage 
of  air  through  the  small  irregular  spaces 
between  sugar  particles,  causes  it  to  impinge 
on  a  large  number  of  moist  faces,  and  the 
dust  is  caught  just  as  it  is  in  the  konimeter. 
If  this  explanation  is  accepted,  and  if  bulk 
samples  are  still  desired,  the  future  develop- 
ment of  a  process  by  which  accurate  gi-avi- 
metric  results  are  obtainable  are  indicated 
from  Mr.  Harris's  experiments.  The  koni- 
meter principle  can  be  used  on  a  large  scale, 
as  in  the  sugar-tube  method,  but  dry  sugar 
must  be  replaced  by  a  more  suitable  catch- 
ing medium,  and  the  necessary  air  velocity 


can  be  obtained  directly  by  nozzles.  The 
gravimetric  method,  however,  will  always 
be  open  to  the  objection  that  most  of  the 
weight  might  be  due  to  non-injurious 
particles. 

An  objection  to  the  konimeter  which  was 
not  raised  in  the  discussion  but  which  exists 
in  the  minds  of  many,  is  that  the  count 
might  include  many  particles  which  do  not 
consist  of  quartz.  Wlien  it  is  considered 
til  at  the  rock  blasted,  drilled  and  lashed  is 
practically  pure  quartzite,  this  does  not 
seem  a  serious  objection  Even  if  the 
konimeter  only  recorded  the  existence  of 
the  minerals  in  the  rock  other  than  quartz, 
it  is  reasonable  to  suppose  that  the  number 
of  quartz  particles  present  in  different 
samples  would  be  comparable  to  the  counts 
of  the  other  particles,  though  many  times 
greater.  It  must  be  remembered  that  many 
of  those  who  make  this  objection  do  so  in 
distinction  to  the  sugar-tube  method,  but 
what  assurance  have  we  that  the  weight 
deteiTnined  by  a  gravimetric  sample  is  due 
to  quartz  alone?  The  replacement  of  vase- 
line by  a  substance  having  the  same  refrac- 
tive index  as  quartz  might  give  an  idea  of 
the  amount  of  other  minerals  present. 

The  classification  of  mine  air  as  adopted 
by  Mr.  McArthur  Johnston  on  the  Gold 
Fields  Group  seems  suitable.  The  rule  of 
taking  a  sample  close  to  the  head  of  the 
worker  is  a  good  one,  although  this  has  been 
observed  by  us,  because  comparisons  were 
nearly  always  made  with  the  sugar-tube 
method. 

The  fact  that  a  w^ell  ventilated  place  is 
better  than  a  badly  ventilated  place  is 
obvious  for  the  reasons  given  by  Mr.  Wood- 
burn,  and  a  test  lasting  for  four  days  was 
made  to  obtain  some  evidence  on  this  point, 
which  is  dealt  with  later  in  connection  with 
Jack  hammers. 

What  count  of  dust  per  cc.  in  mine  air 
would  be  considered  dangerous  is  unknown, 
and  reliable  information  would  only  be 
obtainable  by  experiments  with  rats  com- 
bined with  konimeter  samples  as  suggested 
by  Dr.  Pratt  Johnston.  Indirectly,  the 
incidence  of  miners'  phthisis  in  future  years 
might  help  to  fix  a  standard. 

The  type  of  machine  drill  used  in  obtain- 
ing comparisons  was  purposely  not  men- 
tioned, as  the  paper  was  not  dealing  with  the 
relative  dust  merits  of  machine  drills.  As 
pointed  out  by  Mr.  Ingle,  a  certain  type  of 
machine  suited  my  purpose  admirably  for 
comparisons  owing  to  the  fact  that  practi- 
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cally  all  the  dust  produced  was  under  10 
microns,  so  that  tlie  gravimetric  result  was 
low  even  when  the  count  was  high. 

Mr.  E.  C.  J.  Meyer  is  interested  in  the 
(lust  produced  by  the  Leyner.  Tlu'  tests 
made  by  us  with  this  type  of  machine, 
the  results  of  which  will  be  given  later, 
indicate  how  much  of  the  dust  may  be 
eliminated  without  troubling  much  about 
correct  relative  pressures  and  other  ideal 
conditions  unobtainable  in  practice. 

Mr.  Whitehouse  mentioned  that  difTerent 
konimeters  gave  discordant  results.  This 
is  possible,  because  standard  instruments 
are  not  obtainable  at  present;  the  nozzle, 
its  distance  from  the  glass,  the  air  velocity, 
and  sometimes  the  volume  of  air  are 
different  for  each  model.  Three  kom'meters 
were  tested  on  the  Ferreira  Deep,  the 
greatest  variation  over  a  large  number  of 
spots  being  10%,  probably  due  to  a  combina- 
tion of  the  above  factors,  as  all  the  koni- 
meters differed  in  one  or  more  details. 
Greater  differences  than  10%,  while  possibly 
due  to  the  konimeter,  are  more  likely  due 
to  the  incompetence  of  the  sampler. 

Mr.  Whitehouse  also  states  that  there 
are  cases  where  the  sugar-tube  showed  con- 
siderable w'eight,  but  the  konimeter  gave  no 
spots.  I  have  already  shown  what  a  small 
percentage  of  spots  are  not  counted  includ- 
ing losses  from  sources  in  addition  to  that 
due  to  the  failure  of  the  konimeter  to  make 
a  record.  Up  to  the  end  of  February,  1918, 
this  was  given  as  2'6%.  Since  that  date 
and  up  to  the  18th  December,  1918,  3,522 
spots  were  made,  and  3,459  counted,  a  loss 
of  63.  Of  these  four  slides  with  6  spots 
on  each  were  broken  underground.  The 
percentage  loss  for  this  latter  period  is 
l-8%. 

I  do  not  follow  the  pui-pose  of  the  com- 
parison made  bv  ]\Ir.  Whitehouse  of  micro- 
idiotographs  Nos.  20  and  34.  The  fact  that 
the  weights  are  nearly  equal,  but  that  the 
one  contains  twenty  times  more  injurious 
particles  than  the  other  makes  the  com- 
parison useful  in  showing  up  the  deficiencies 
of  the  sugar-tube  method.  The  fact  that 
tlie  sugar-tube  does  not  suggest  this  enor- 
mous difference  is  because  the  injurious 
dust  is  so  fine  that  its  effect  on  the  weight 
is  negligible. 

The  following  figures  show  the  result  of 
the  first  year's  work  with  the  konimeter 
used  in  comparison  with  the  sugar-tube. 


To  the  end  of  August,   1018. 
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All  the  counts  here,  and  in  subsequent 
tables  and  diagrams,  are  of  particles  under 
5  microns  in  diameter. 

The  figures  for  upcast  and  downcast  air 
include  sampling  since  August,  1918,  and 
upcast  air  includes  many  samples  taken 
when  dust  due  to  blasting  was  present  in 
the  air.  The  average  count  from  this  table 
is  128,  and  the  average  weight  2'3  mgm., 
so  that  00  particles  equal  1  mgm.  Diagram 
Xo.  1  (see  next  pagej  has  been  plotted  on 
this  basis,  and  shows  the  weights  which 
would  be  obtained  in  each  case  for  a  count 
of  55  particles  per  cc.  This  diagram 
answers  a  query  made  by  Mr.  Adam  relative 
to  the  agreement  between  the  konimeter 
and  the  gravimetric  results. 

The  circular  konimeter  introduced  by 
the  Dust  Inspector  for  the  Chamber  of 
Mines  has  been  used  in  conjunction 
with  the  Kotze,  but  it  was  too  eiratic 
until  fitted  with  a  conical  nozzle  in  place 
of  the  cylindrical  one.  It  was  altered 
also  by  largely  reducing  the  air  space,  and 
by  screwing  the  brass  plate  down  on  to  the 
glass  slide  to  prevent  air  leakages.  A  large 
number  of  glass  slides  have  been  broken, 
and  the  material  by  which  the  glass  is  glued 
to  its  brass  frame  comes  out  on  to  the  rubber 
ring,  which  makes  it  difficult  to  turn  the 
slide.  On  several  occasions  the  glass  has 
become  loose  and  stuck  to  the  rubber  ring, 
while  the  brass  ring  has  turned  round  so 
that  all  the  spots  were  taken  in  the  same 
place.  Its  use  has  been  discarded  for  the 
present  on  the  Ferreira  Deep,  but  an 
improved  konimeter  of  that  type  might  still 
be  useful.     Another  objection  to  the  present 
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type  is  tliat  during  the  time  taken  in  count- 
ing 30  or  60  spots  there  might  be  consider- 
able contamination  of  the  disc  by  coarse 
dust.  This  could  be  overcome  by  a  dust 
proof  cover. 

This  type  has  been  recently  improved  by 
Mr.  Harris  in  connection  with  his  double 
nozzle  konimeter.  The  slide  is  designed 
to  move  automatically  after  each  sample 
has  been  taken,  the  air  spaces  are  less, 
and  the  spots  fonn  a  spiral,  so  that  a 
large  number  may  be  taken  on  a  disc.  The 
new  model,  by  slight  alteration,  can  be 
made   to   move   the   disc   while   the   sample 


phice  the  instrument  would  be  removed  to 
another.  ^Ir.  Linclemann,  of  the  Scientitie 
Instrument  Works,  liopes  to  have  such  a 
jnotlel  rea<ly  sliortly,  and  its  use  in  sufficient 
numbers  should  remove  an  objection  to  our 
present  system  which  derives  conclusions 
from  samples  taken  during  one  small  jiortion 
of  the  shift  only. 

Mr.  Weston  states  that  if  the  injurious 
dust  only  varies  from  70%  to  9o%  the  gravi- 
metric method  is  not  rendered  useless.  The 
usual  variation,  however,  is  between  95% 
and  100%,  and  in  very  few  underground 
samples     will     tlie     percentage     tall    below 
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Fig.  1. Diagram  showing  comparative  weights  of  a  count  of  55  paititles  per  cc.   for  different  types 

of    dust. 


is  being  taken,  which  should  eliminate  the 
necessity  of  a  second  nozzle  for  large  quan- 
tities of  dust,  as  a  fresh  surface  is  always 
being  exposed  to  the  puff  of  air.  The 
sample  would  then  occupy  an  elongated 
area,  and  the  estimation  of  dust  might  be 
facilitated  as  it  would  only  be  necessary 
to  count  a  section  through  this  area — say 
one-fifth  or  one-tenth. 

Dust  samjjling  can  be  placed  on  a  more 
exact  basis  by  the  design  of  an  automatic 
konimeter  driven  by  clockwork,  whicli  would 
take  samples  at  half-hour  intervals.  A 
number  of  these  could  be  placed  at  suitable 
positions  underground,  and  the  dust 
inspector  would  merely  wind  up  the  clock 
each  day  and  put  on  a  clean  slide.  When 
sufficient  information   was  obtained    in   one 


95.  If  you  assume  the  injurious  dust  to 
average  1  micron,  and  the  non-injurious  to 
average  10  microns  in  diameter,  even  this 
small  range  of  95%  to  100%  renders  the 
gravimetric  method  useless,  because  if  the 
total  number  of  particles  in  several  samples 
is  the  same,  the  weight  is  increased  eleven 
times  if  the  percentage  of  fine  dust  changes 
from  100%  to  99%,  twenty-one  times  if  it 
changes  from  100%  to  98%,  thirty-one  times 
from  100%  to  97%,  one  hundred  and  one 
times  from  100%  to  90%,  etc. 

Mr.  Adam  states  that  the  smallness 
of  the  sample  is  the  chief  objection 
to  the  konimeter,  but  the  reason 
underlj'ing  my  statement  that  small  samples 
are  quite  sufficient  is  that  fine  dust 
particles  act  practically  as  molecules  of  a 
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1,'iis.  In  sampling  u  dump  ior  its  gold  con- 
tt'iits  a  iairly  large  sample  is  lu'ccssary 
i)t'i'ausf  a  solid  is  being  dealt  with  ;  a  small 
sample  would  give  accurate  results  if  the 
material  were  a  licjuid  ;  and  if  the  medium 
is  a  gas  a  still  smaller  sample  should  give 
correct  figures.  What  amount  of  air  is 
small  enough  to  give  reliable  results  might 
still  be  a  debatable  point,  but  from  our 
counts  of  sets  of  six  f)  cc.  spots,  it  would 
appear  that  such  samples  are  sufficient,  and 
the  results  which  are  given  below  sujjport 
this  statement. 

The  differences  between  the  spot  photo- 
gi'aphed  and  the  average  count,  as  pointed 
out  by  Mr.  Adam,  is  partly  accounted  for  by 
the  fact  that  the  largest  spots  were  usually 
chosen  as  they  were  the  easiest  to  photo- 
graph, and  also  because  the  spots  photo- 
graphed were  carefully  counted  afterwards, 
while  no  attention  was  paid  to  the  remain- 
ing spots  to  see  if  the  original  average  was 
still  conect.  In  the  case  of  large  counts 
not  much  care  had  been  taken  to  get  an 
accurate  figure,  because  if  the  count  was 
large  the  sample  was  labelled  "  bad,"  and 
it  did  not  matter  mucli  wliether  tlie  count 
was  500  or  700. 

Again,  the  first  six  months'  work  was 
largely  experimental,  two  dust  samplers 
were  trained  in  that  period,  so  that  the 
figures  given  should  not  be  subjected  to  a 
severe  ordeal. 

The  average  gravimetric  detei"mination  of 
the  dust  in  the  downcast  air  samples  on 
the  Ferreira  Deep  is  2'5  mgm.,  while  the 
average  of  those  shaft  boxes,  which  are  all 
within  100  ft.  of  the  downcast  shaft 
although  in  some  cases  separated  from  it 
by  ventilation  doors,  is  only  2'6  mgm. 
Similar  figures  for  the  counts  are  34  and  60 
respectively.  Attention  has  been  drawn  to 
these  figures  to  show  that  the  shaft  boxes 
have  apparently  added  only  O"!  mgm.  to 
the  downcast  air,  and  considerable  expense 
might  have  been  incurred  in  the  endeavour 
to  reduce  the  weight  of  2"6  mgm.,  while 
the  great  proportion  of  it  may  be  due  to 
coai"se  dust  in  the  downcast  air.  It  is 
possible  that  the  reduced  air  velocity  in  the 
cross-cuts  causes  the  large  particles  which 
make  up  the  weight  found  in  the  downcast 
air  to  settle  rapidly,  but  until  additional 
information  is  obtained  on  this  point,  no 
reliance  should  be  placed  on  the  figures 
obtained  in  any  locality  unless  the  dust 
entering  that   locality   with   the   ventilating 


currtiit  is  eliminated.  If  the  rapid  settle- 
ment of  large  particles  is  uccej)ted  t  > 
account  for  flu-  extraordinary  results  found 
by  the  gravimetric  metlKwl  in  the  above 
case,  it  nmst  be  acknowledged  that  the 
konimeter,  witii  its  count  of  injurious  dust 
which  takes  nuich  longer  to  settle,  gives  a 
truer  idea  of   what   really  occurs. 

I  thank  Dr.  .Moir  for  his  contribution  \n 
answer  to  Mr.  Weston's  remarks,  a!id 
would  like  to  point  out  that  the  argument 
for  the  konimeter  does  not  dej)ejid  on  the 
size  of  dust  which  is  actually  injurious,  be- 
cause even  if  paiticles  up  to,  say,  40  niicrf)ns 
in  diameter  can  produce  miner's  phthisis, 
the  konimeter  still  provides  the  better 
method  because  it  is  quicker,  cheaper,  more 
reliable,  and  the  appeal  it  makes  is  lo  our 
sense  of  sight  wliich  is  always  an  advantage. 

Owing  to  the  interest  taken  in  the  dust 
produced  by  machine  drills,  and  thanks  to 
the  facilities  afiforded  by  Mr.  Selby, 
Manager,  Fen-eira  Deep,  tests  were  made 
of  a  few  types  to  find  out  how  the  dust 
was  produced  by  each.  The  tests  were 
carried  out  in  a  winze  which  was  ventilated 
by  7,000  cub.  ft.  of  air  per  minute  from  the 
upper  workings  of  the  Village  Deep.  This 
air  was  sampled  at  the  beginning  and  con- 
clusion of  the  test,  and  was  regulated  by 
means  of  a  door.  It  was  thus  possible  to 
sweej)  out  all  the  dust  produced  i>y  each 
jumper  before  drilling  started  with  the  next. 

When  drilling  was  about  to  commence, 
the  door  was  shut.  A  slight  leakage  of  air 
through  the  door  tended  to  produce  a  move- 
ment of  the  air  up  the  winze,  although 
this  movement  was  not  perceptible,  so  that 
the  samples  were  taken  about  10  ft.  above 
the  machine.  The  air  used  for  cleaning  out 
the  winze  was  fairl}'  unifoi-m  in  dust  con- 
tent, i.e., 


1  Reciprocating 

2  Reciprocating 

3  Leyner&B.C. 
i  Leyner  &  B.f. 

5  Hydroniax 

6  Jack  Hammer 

7  Jack  Hammer 
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59 

Hollow  Steel 

24 

83 

Hollow  Steel 

(iO 

89 

Hollow  Steel 

24 

70 

Hollow  Steel 

24 

91 

Hose 

.36 

86 

Hollow  Steel 

12 

68 

Sugar-tube  samples  were  taken  with  each 
jumper    used,    except    in    the    case    of    the 
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Jack  hammer,  when  two  jumpers  went  to 
one  sugar  tube  sample.  In  the  latter  case 
the  gravimetric  result  for  each  jumper  was 
obtained  by  assuming  that  it  would  van' 
as  the  count.  This  has  the  effect  of  making 
the  gravimetric  result  conform  to  the  count 
more  than  it  might  iiave  done. 

Tr.<ii  Xo.  1. 

Reciprocating  machine — 2 J  in.  Holman 

Clean    water — High    pressure — Hose. 

Two  down  holes. 
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y.1'2  5.=  a 

2  6-0 

2  2-4 

2  2-1 

2  Trace 

The  konimeter  appears  to  be  more  con- 
sistent here,  because  if  2*4  mgm.  and  2"1 
mgm.  are  reasonable  weights  for  the  dust 
produced  by  the  second  and  third  jumper, 
there  is  no  reason  why  the  weight  should 
fall  to  a  "  trace  "  for  the  fourth  jumper. 

The  high  weight  obtained  with  the  starter 
may  reasonably  be  accounted  for  by  the 
presence  of  coarse  particles  of  dust  due  to 
collaring. 

Test  No.  2. 

Reciprocating    machine  —  2f     in.     Holman 

with    Ferreira    water   attachment. 

Clean  water — High  pressure — Hollow  steel. 

One  down  hole,  one  up  hole. 
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36 
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4 
5 

To  those  who  think  that  the  gravimetric 
method  is  more  consistent  than  the  koni- 
meter, the  2"6  mgm.  obtained  with  the 
third  jumper  must  be  difficult  to  account 
for. 


Test  No.  3.       Leyner  and  B.C.  22. 
Clean  water — High  pressure — Hollow  steel. 
Four  down  holes,   three  up  holes. 
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The  weight  obtained  for  the  dust  produced 
by  the  third  jumper  falls  to  0*5  mgm., 
which  does  not  appear  to  be  consistent. 

Test  Nu.  4.     Leyner  and  B.C.  22. 
Dirt  J'  water — High  pressure — Hollow  steel. 
One  down  hole,  two  up  holes. 
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18 
18 
18 
18 


227 
336 
213 

2G1 


-.=  s 
3-5 
1-8 
2-7 
2-3 


The  much  higher  counts  with  the  use  of 
dirty  water  show  that  the  large  amount  of 
dust  obtained  in  many  previous  samples, 
may  have  been  due  to  the  atomisation  of 
dirty  water.  The  third  test  shows  that 
there  cannot  be  much  objection  to  the 
Leyner  type  of  machine  if  used  with  clean 
water,  but  in  all  machines  which  send  air 
and  water  through  hollow  steel,  failures  of 
the  water  service,  unless  immediately 
noticed,  cause  an  enoiinous  amovmt  of  dust 
to  be  produced,  which  will  always  be  an 
objection  to  this  type. 

Test  No.  5.         Hydromax. 
Clean  and  dirty   water — High  pressure — 
Hollow  steel.  Three   up   holes. 
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2-0 
0-8 
1-0 


This  was  a  new  machine,  and  the  use  of 
dirty  water  had  no  effect  on  the  count. 
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Test   No.   0.      Jack  lianiinur. 
<./loaii  water — High  and  l<)\v  pressure — Hose 
Five  down  holes. 
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The  use  of  high  or  low  pressure  water 
made  a  difference  to  the  count.  Dry  clouds 
of  dust  come  out  in  puffs  from  the  hole 
with  the  third  and  fourth  jumpers,  indicat- 
ing that  the  water  did  vot  alwa^'s  reach  the 
bottom.  This  is  a  higMy  dangerous  type 
of  machine  when  used  otherwise  than  as  in 
Test  No.  7. 

test  No.  7.      Jack  hammer. 
Clean  and  dirty  water — High  pressure — 
Hollow  steel. 
Three  down  holes. 
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The  use  of  air  and  water  through  hollow 
steel,  lubincation  being  bj"  means  of  grease, 
renders  the  Jack  hammer  type  compara- 
tively harmless.  Dirty  water  had  no  effect 
on  the  count.  When  this  machine  is  used 
for  drilling  up  holes,  and  the  supply  of 
water  is  insutheient,  the  slime  from  the 
hole  runs  along  the  jumper  to  the  chuck 
where  it  meets  the  escaping  air.  To  prevent 
atomisation  of  this  dirty  water  a  piece  of 
rubber  hose  should  be  placed  round  the 
jumper  so  that  the  slime  will  run  off  before 
it  reaches  the  chuck. 

Additional  tests  of  these  two  t3'pes  of 
Jack  hammers  were  made  during  the 
present  week.  A  stope  was  chosen  which 
had  not  worked  away  from  the  original 
winze  at  the  top,  and  up  which  6,000 
cub.  ft.  of  air  were  passing  per  minute.  A 
door  was  put  in  at  the  top  of  the  winze  to 
control  this  current.  Each  type  of  machine 
was  tested  with  full  ventilation,  and  then 
with   the    ventilation    choked   down   to   110 


cub.  ft.  of  air  per  minute  to  allow  for  the 
exhaust  of  thf  niacliines,  and  to  produce  an 
upward  movement  of  the  air.  The  samples 
were  taken  below  the  door  at  an  average 
distance  of  50  ft.  from  the  top  machine. 
Three  machines  were  worked  under  ordinary 
conditions,  samples  were  taken  at  half-hour 
intervals  after  these  had  commenced  drill- 
ing, and  each  test  was  continued  until  the 
end  of  the  shift. 

The  results  are  tabulated  below,  and 
illustrate  the  effects  of  ventilation  on  the 
amount  of  dust  present  in  the  air,  and  the 
uselessness  of  comparisons  which  do  not 
talce  into  account  the  ventilating  current. 
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6,000 
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469 
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8 

116 

13-28 

The   gravimetric   results   are   peculiar. 

Four  microphotographs  have  been  pre- 
pared to  give  an  idea  of  the  type  and  amount 
of  dust  obtained  in  each  case,  and  as  the 
tests  were  not  concluded  until  yesterday 
afternoon,  it  must  be  admitted  that  the 
konimeter  is  capable  of  giving  a  visual 
demonstration  of  its  sampling  to  a  large 
number  of  people  with  considerable  rapidity. 

In  the  remarks  under  some  of  the  above 
tests,  it  is  pointed  out  that  the  gravimetric 
results  do  not  always  appear  to  be  con- 
sistent, but  to  obtain  additional  information 
b}'  results  which  would  be  interesting, 
samples  at  half-hour  or  hour  intervals  were 
taken  at  the  fan  on  the  10th  Level,  South 
Reef,  East  Drive,  Ferreira  Deep,  on  two 
occasions  for  periods  of  24  hours,  and  once 
for  a  period  of  seven  days.  50,000  cub.  ft. 
of  air  per  minute  were  passing  the  fan ; 
10,000  cub.  ft.  from  the  Main  Eeef  Leader, 
and  40,000  cub.  ft.  from  the  South  Reef. 
The  labour  involved  was  considerable,  and 
I  am  indebted  to  iNIr.  Pulford.  Dust 
Inspector.  Fen-eira  Deep,  and  to  ^Messrs. 
Schaap,  Simpkins,  Bi'ann  and  von  INIaltitz, 
of  the  survey  and  sampling  staffs,  Ferreira 
Deep,  for  the  succesful  can-ying  out  of  the 
sampling. 

The  first  set  was  taken  on  Monday,  16tli 
September,  1018.  the  second  set  on  Friday, 
20th    December,    1918,    and    the    third    set 
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from    Monday,    13th    January,    to   Sunday, 
10th  January,  1919,  both  days  inclusive. 

Samples  with  the  konimeter  were  taken 
..I  half -hour  intervals  during  the  day,  and 
at  hour  intervals  during  the  night.  Sugar- 
tube  samples  were  taken  at  hourly  intervals 
except  during  the  time  that  blasting  dust 
was  passing  the  fan  when  samples  at  half- 
hour  intervals  were  taken,  except  during  the 
first  set. 

T'm.'     r.'-uU'<    of    first     set     are     sliown     in 


fan,  when  large  variations  in  the  sizes  of 
the  particles  was  noticed  depending  on  the 
closeness  of  the  blasting. 

The  results  of  the  second  set  are  shown 
in  Diagram  No.  3  (see  next  page),  and  those 
of  the"  third  set  in  Diagram  Xo.  4  (inset 
facing  this  page). 

The  results  obtained  in  the  last  two  sets. 

show   that   there   is   practically   no   dust   in 

the  air  at  night-time,  that  the  dust  increases. 

daily    during    the    working   hours,    although 

the  settlom.'nt  of  dust  due  to  the  distance 
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UPCAST  AIR    -ON  J  ei^STPtiC^EEH^  19.1  a 


T^]  N/1  rr: 


Fig.    2. 


Diagram  No.  2.  In  plotting  1  mgm.  per 
cubic  meter  has  been  made  equal  to  a 
count  of  100  particles  per  cc,  the  actual 
ratio  being  1  to  101  for  all  our  samples. 
The  counts  are  much  higher  throughout 
than  those  obtained  in  the  following  sets 
due  to  the  closeness  of  some  working  faces 
to  the  fan.  Most  of  the  work  in  the  imme- 
diate neighbourhood  had  ceased  when  the 
second  and  third  sets  were  taken.  The  dust 
on  these  latter  occasions  was  extremely  fine 
except  when  blasting  dust  was  passing  the 


of  the  fan  from  working  faces  does  not  give 
a  true  idea  of  the  amount  of  dust  carried 
in  the  air  in  proxim.it}'  to  these  faces,  and 
that  the  dust  due  to  blasting  is  the  real 
danger  in  upcast  air. 

The  plotting  of  the  week's  konimeter 
curve  was  completed  on  Monday  afternoon, 
within  eighteen  hours  of  the  last  sampling 
of  the  previous  night,  so  that  on  seven  woi'k- 
ing  days,  including  one  Saturday  morning, 
1,277  spots  were  counted,  an  average  of  182 
per  day.     Two-thirds  of  these  were  counted 
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l)y  Mr.  I'ulloixl,  will',  ill  addition,  during;  tin- 
week  spent  four  B-liour  shifts  siiniplin^' 
uiulcr^rfHiiKl.  sent  off  28  su^ar-tabes  t-acli 
duy,  and  prepared  every  slide  for  the 
konimeter.  jMany  of  tlie  slides  contained 
very  little  dust,  but  the  diflfieulty  of  finding 
tile  spots  under  such  conditions  more  than 
balances  the  time  taken  in  finding  and 
counting  spots  which  contain  fair  amoiuits 
of  dust.  Marks  were  usually  matle  on  the 
vaseline  by  the  puffs  of  air,  and  although 
the  slide  is  i)laced  mider  the  microscope  in 
ai)proximately    the    correct    jjositiou,    it    was 


III  ordi-r  to  show  up  the  variations  of 
both  methods,  1  )iagram  Xo.  ♦'»  was  prepared 
at  the  suggestion  of  Mr.  Selby.  it  gives 
the  maximum  and  mininnmi  values  obtained 
during  the  six  working  days  of  the  third 
set,  for  each  time  of  sampling.  The  gravi- 
metric method  shows  large  variations,  and 
only  at  4  p.m.  does  it  fail  to  give  a  trace 
as  a  mininnmi. 

The  times  on  Saturday  have  been  altered 
one  hour  for  plotting  this  and  the  next 
diagram,  as  blasting  occurs  an  hour  earlier 
on  tliat   dav. 
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Fig.   3.— Upcast  air  on  20th   December,   1918.     Kt)iiimeter  — ;  Gravimetric 


necessarj-  to  make  red  ink  dots  on  the  other 
side  of  the  glass  opposite  to  tliese  marks  to 
tacilitate  the  search.  The  gravimetric 
curve  was  not  completed  until  the  following 
Friday.  While  the  place  chosen  for  taking 
the  samples  is  unlikely  to  give  typical 
results  of  the  dust  produced  during  the 
working  shift,  it  is  eminently  suitable  for 
c-omparisons  with  the  sugar-tube  method. 
The  curves  show  what  remarkably  consistent 
results  are  obtained  by  the  konimeter,  and 
prove  the  unreliability  of  the  gravimetric 
method. 

From  the  dust  standpoint,  there  can  be 
no  objection  to  double  shifts,  if  the  above 
results  are  accepted.  The  average  of  the 
six  working  days  of  the  third  set  is  shown 
in  Diagram  Xo.   5. 


]^iagram  Xo.  7  shows  the  mean  eirors  of 
one  observation  in  both  methods  which 
would  be  found  for  each  hour  of  the  day. 
The  diagram  is  derived  from  the  six  working 
diagram  is  derived  from  the  six  working 
days'  sampling  of  the  last  set,  and  shows 
that  the  average  mean  error  of  the  gravi- 
metric method  is  about  four  times  as 
great  as  that  of  the  konimeter  method. 

The  eight  working  days  on  which  samples 
of  the  upcast  air  were  taken  have  been 
averaged  in  the  following  table,  and  plotted 
in  Diagram  Xo.  8.  The  samples  taken  at 
the  hour  have  been  combined  with  those 
taken  at  the  half-hour  intervals  immediately 
following,  and  the  results  shown  as  for  each 
hour  of  the  dav. 
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Du<t     sampling    of    upcast     air 
working  days. 
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ht  This  plotting  shows  the  sugar-tube  off  to 

the  best  advantage,  but  its  failure  to 
empliasize  the  large  amount  of  fine  dust  at 
blasting  time  is  noticeable.  The  high  count 
at  2  p.m.  is  due  to  the  early  blasting  on 
Saturday. 

On  the  average,  10  cc.  were  used  to 
make  each  spot  in  these  tests  of  upcast 
air,  so  that  the  vohnne  of  air  used  for 
each  sample  was  60  cc.  The  sugar-tube 
sample  is  approximately  330,000  cc.  The 
])roportion  is  thus  as  1  is  to  5,500,  and  as 
the  variation  of  the  gravimetric  method  is 
much  greater  than  that  of  the  konimeter, 
the  objection  made  by  .Mi'.  Adam  against 
the  smallness  of  the  konimeter  sample  is 
not  valid. 

On  two  days  a  konimeter  with  two  nozzles 
was  used  during  the  time  that  dust  due  to 
blasting  was  passing  the  fan,  but  no  spots 
were  detected  on  the  second  slide,  so  that 
the  konimeter  as  originally  designed  is  quite 
capable  of  giving  reliable  results  under  most 
conditions  that  will  be  encountered  under- 
gi'ound  at  the   present  time. 

Diagram  Xo.  9  shows  the  comparative 
weights  of  a  count  of  50  particles  per  cc. 
for  each  hour  of  the  day  for  upcast  air,  and 
has  been  derived  from  the  above  figures. 


Fig.    5.— Dust   Sampling   of    upcast   air.     Average  of  six  working  days. 
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Fig.    7. — Diagraii    showing    mean    errors. 
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at   hour  intervals. 


The  ]^ust  Sampling  Department  of  the 
Chamber  of  Mines  was  informed  when 
special  tests  were  going  to  be  made,  and  I 
am  obliged  to  the  Chief  Dust  Inspector  for 
the  supply  of  the  large  number  of  sugar- 
tubes  necessary  for  the  above  tests.  A 
special  effort  was  made  bv  his  department 
to  return  the  results  of  the  analyses  as 
quickly  as  possible. 

The  President:  Although  this  is  a  reply 
made  by  Mr.  Innes  to  a  discussion,  it  must 
be  perfectly  clear  to  you  that  it  is  only  the 
introduction  to  the  subject.  His  first  paper, 
when  he  opened  the  subject,  merely  touched 
the  whole  question.  He  has  now  followed 
this  up  by  an  elaborate  series  of  experi- 
ments ;  and  I  think  ^Ir.  Innes  will  have  to 
reply  to  the  discussion  at  some  future  date, 
because  I  hope  that  at  our  subsequent 
meetings  we  shall  hear  a  great  deal  more 
criticism  and  many  other  views  expressed. 
So  I  propose,  and  I  hope  you  will  agree 
with  me,  that  this  be  not  regarded  as  a 
reply  to  discussion  but  merely  the  second 
stage,  and  that  the  subject  matter  shall  still 
remain  open. 


CEMENTATION  PKOCESS  APPLIED  TO 
MINING  (FRANCOIS  SYSTEM). 


Bv  A.  H.  Kkynauw  (Member). 


(Printed  in  Journal,   May,  ]''is.) 

DISCUSSION. 
Tlu-     President :      The    author    was    here 
earlier    in    the    evening    and    had    to   leave, 
but  asked  me   to  say  he   is  not   so  closely 
connected   with   cementation   as  he   was   at 
the   time   he   read  his  paper.     As  you  will 
recollect,     at    that    time     Sir    HaiTy    Eoss 
Skinner   was  present,    and   he   expressed    a 
great  deal  of  regret  that  the  author  would 
'  not  be  directly  associated  any  further  with 
!  this     process.        But    we    are    happy     this 
i  evening  in  having  Mr.  Blandford  here,  who 
has  come  out  from  England,   and,  I  think, 
without  flattering  him  too  much,  he  can  be 
j  considered  as  the  authority  on  the  subject, 
I  and    he    will   be    good    enough   to    continue 
'   where  the  author  left  off. 
'       Mr.  Thos.  Blandford  (Member):     At  the 
'  time    when    the    paper    was    read    by    Mr. 
Krynauw     the     cementation     process    here 
was  only  in  its  infancy,  and  he  was  there- 
fore   unable    to    give    a    record    of    definite 
results  obtained.        I   propose   to   give   you 
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souif  i)articulais  and  results  of  somu  of  tlie 
more  important  pieces  of  work  which  have 
been   carried  out  since   that  date. 

Comci  Deep,  26th  Cross-Ciit  —  Fiit<i 
l.en(]tli  of  CeniK'ntitioii. — This  was  men- 
tioned by  Mr.  Krynauw.  Tlie  following 
particuhirs  are  of  interest:  — 

Size  of  the  cross-cut,  12  ft.  x  8  It. 
.\pproximately  80  gallons  of  water  per 
minute  were  encountered  at  a  pressure  of 
1, 200  lb.  per  sq.  in.  in  the  pilot  hole.  A 
series  of  nine  holes  was  drilled  in  the  face 
and  injected. 

Total  cement  used,  8  tons  15  cwt.,  at  a 
maximum  pressure  of  injection  of  8,000  11). 
])er  sq.  in. 

A  test  hole  was  drilled  to  a  dcptli  of 
(32  ft.,  encountering  no  water,  niul  llu'  cross- 
cut was  extended  througli  the  cemented 
area  satisfactorily.  The  cc;st  ior  complet- 
ing the  cementation  work  in  this  length, 
inclusive  of  labour,  cenitMit,  diamond  drill- 
ing, stores,  repair,^  anl  compressed  air,  was 
£17  19s.  9d.  per  ft. 

26//i  Cross-ent  —  Second  Length  of 
Cem^entaiion. — Water  having  been  encoun- 
tered ill  the  pilot  hole  as  described  in  the 
})aper,  cross-cut  was  stopped  at  a  distance 
<if  10  ft.  from  the  first  watei'-bearing  fissure 
In  all.  three  fissures  were  encountered  with- 
in a  distance  of  80  ft.,  giving  50,  35  and 
50  gallons  per  minute  respectively  at  a 
pressure  of  1,200  lb.  per  sq.  in.  A  series 
of  11  holes  in  this  case  was  drilled  and 
injected. 

The  total  quantity  of  cement  used  was 
16  tons,  16  cwt. 

A  test  hole  was  drilled  to  a  depth  of 
110  ft.  and  found  to  be  dr}-.  The  Cross-cut 
n\-as  then  extended  through  the  cemented 
area,   and  no  water  was  encountered. 

During  the  excavation  a  well  defined 
fissure  approximately  i  in.  wide  was 
exposed  at  a  distance  of  50  ft.,  and  found 
to  be  sealed  up  with  cement. 

The  cost  of  tlie  work  of  cementation  in 
this  second  length  in  the  26th  cross-cut, 
including  the  same  items  as  before,  was 
£•18  10s.  3d.  per  ft. 

Convet  Deep,  dOth  Level  IFcsf. — .\  fissure 
giving  20  gallons  of  water  per  minute  having 
been  encounted,  a  12  ft.  brick  dam  was 
constructed  as  mentioned  in  the  paper, 
suitable  pipes  being  built  into  the  dam  for 
cementation  purposes.  The  dam  was  then 
injected  and  a  total  quantity  of  15i  tons 
of  cement  used  at  a  maximum  pressure  of 
1,500  lb.  per  sq.  in.  Diamond  drill  holes 
were   then    ])nt    in   at   an   average   depth   of 


80  ft.,  whic-h  I'ecorded  fissui'cs  of  30,  45  and 
00  ft.,  and  such  fissures  were  then  injected. 
The  total  {[uantity  of  cenuMit  ust'd  dui'ing 
this  injection  was  \'.\'.  inns,  making  a  total 
of  20  tons  for  the  di  i\c 

A  test  hole  was  diillt'd  tlirougli  llie  c-entic 
of  the  dam  to  a  dei)tli  of  100  ft.  in  solid 
roek  aiul  encountered  no  water.  The  dam 
was  then  blasted  away,  and  the  drive 
extended  through  the  cemented  area,  and 
found  to  be  perfectly  dry. 

Anfielo  Deep,  28///  II  r.s/  Dam. — It  mav 
be  of"  interest  to  note  that  a  feeder  of  3,00*0 
gallons  per  hour  (mentioned  in  i\w  j^aper) 
was  siu'cessfidly  eloscd  off  after  the  con- 
struction of  a  <lam  5  ft.  thick,  the  quantity 
of  cement  used  being  only  1  ton  11  cwt., 
at  a  maxiniuni  pressiu'e  of  injection  of  150 
lb.  pel-  s(].  in.,  (he  quantity  of  cement  used 
in  the  construction  of  the  dam  being  3  tons 
3  cwt.,  nuddng  a  total  of  4  tons  14  cwt. 

AngcJo  Deep,  20//;  West  Cross-cui. — 
Water  was  encountered  in  the  pilot  hole 
in  the  face  of  the  cross-cut  at  denths  of 
12,  85  and  112  ft.,  there  being  40, '20  and 
10  gallons  per  minute  respectively  at  a 
pressure  of  190  lb.  per  sq.   in. 

A  series  of  eight  holes  was  drilled,  and 
each  fissure  injected  separately. 

Total  quantity  of  cement  used,  6  tons 
10  cwt..  at  an  injection  pressure  of  2,500  lb. 
per  scj.  in.,  a  lengtli  of  100  ft.  being  treated. 

The  cost  of  cementation  in  this  case,  in- 
eluding  wages,  diamond  drilling,  stores  and 
compressed  air,  was  £15  Os.   lOd.   per  ft. 

Gedvld  Proprietary  Mines,  Ltd. — Mr. 
Krynauw  mentions  the  introduction  of  the 
cylindrical  concrete  dam  for  the  purpose  of 
closing  off  feeders  of  water  existing  in  levels, 
whereby  the  use  of  the  level  is  still  pre- 
served for  transport.  Two  such  cylindrical 
dams  were  constructed  in  two  levels,  viz., 
Second  Level  South  and  Third  Level  South. 

A  few  particulars  of  these  two  dams  may 
be  of  interest.  In  the  Second  Level  South 
a  fissure  making  approximately  400  gallons 
of  water  per  minute  had  been  intersected 
l)y  the  drive.  A  cylinder  of  re-inforced 
concrete  30  ft.  long  was  constructed  to  seal 
of¥  the  area  making  water  and  still  allow  a 
track  to  pass  through  the  centre.  The 
material  used  in  construction  was  30  tons 
of  cement,  30  tons  of  sand  and  60  tons  of 
stone,  and  a  subsequent  injection  of  4  tons 
of  cement  at  a  pressure  of  4,000  lb.  per 
scj.  in.  The  cost  of  this  cylindi'ical  dam 
was  about  £600. 

In  the  Third  Level  Sf)uth  a  fissure  giving 
appi'oximately   500  gallons  per  minute  was 
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iiitoisrcti'd,  tlu'  s'w.v  ol  drixc  Ix'ing  ()  fl.x 
8  tt.  A  cyliiKlric'Ml  daiii  was  also  con- 
striK'tfil  ill  this  k'vi'l  l'.>  It.  in  lcii{i;tli,  the 
(|Uiiiititios  of  iiiati-rials  used  being  28  tons 
<^>t  (.'euioiit,  28  tons  of  sand  and  Hi)  tons  ol 
stoiu",  and  a  furtluT  <]uaiitity  of  12  tons  of 
ceiiHMit  was  used  for  sealing  up,  this  extra 
(|iiantity  l)eiiig  tlue  to  a  eertain  amount  of 
dry  walling  behind  the  eylinder,  tlie  pressure 
of  iujeefeion   being   ")()()  lb.   per  sq.    in. 

The  cost  of  this  dam  approximated   tlOO. 

■lih  Level,  Soiiih  Drive  ((jeduld).—\ 
fissure  giving  approximately  200  gallons  per 
minute  was  intersected  at  the  face  of  the 
drive.  A  brick  dam  15  ft.  tliick  was  built 
7  ft.  from  the  face,  and  the  intervening 
space  packed  with  rubble.  Suitable  ]iipes 
were  built  in  for  cementat;>ri  purposes,  and 
the  dam  injected  with  a  quantity  of  21  tons 
of  cement  to  a  maximum  pressure  of  1,000 
lb.  per  sq.  in 

The  direction  of  the  drive  was  subse- 
(piently  altered  and  a  series  of  holes  was 
drilled  for  cementation  in  which  six  fissures 
were  encountered,  all  of  which  carried  water 
up  to  quantities  of  50  gallons  per  minute. 
A  quantity  of  0  tons  of  cement  was 
injected  to  a  maximum  pressure  of  3,000  lb. 
per  sq.  in.  Subsequently  the  treated 
ground  was  driven  through  without  encoun- 
tering any  water. 

Daggajoniein  Mines,  Limited,  No.  2 
iS//a/).— The  treatment  of  the  first  length 
of  cementation  to  a  depth  of  180  ft.  has 
been  dealt  with  by  .Mr.  Krynauw,  and  it  is 
sufficient  to  state  that  subsequent  sinking 
was  conducted  without  any  water  being 
encountered. 

A  plug  of  safety  of  17  ft.  of  treated 
ground  was  left,  through  whicli  the  second 
length  of  cementation  was  carried  out  and 
boring  conducted  by  a  series  of  18  holes 
down  to  a  depth  of  200  ft.  The  arrange- 
ment of  the  inclination  of  these  holes,  how- 
ever, was  altered  with  the  object  of  cutting 
or  intersecting  all  vertical  fissures.  Water 
was  encountered  in  all  the  holes  at  various 
depths  in  quantities  varying  from  4  to  20 
gallons  per  minute.  A  total  of  124  tons 
was  injected  to  a  maximum  pressure  of 
2,500  lb.  per  sq.  in.  in  this  case  at  approxi- 
mately a  10%  mixture.  Sinking  bas  sub- 
sequently been  can-ied  out  through  this 
ground  without  encountering  water. 

Brakpan  Miues,  Limited,  No.  3  CireuJar 
Shaft. — After  fixing  the  concrete  plug  in 
the  shaft  bottom  as  mentioned  in  the  paper, 
11  holes  were  drilled  from  the  bottom  of 
the  shaft  and  cementation  proceeded  with. 


The  total  eeinent  used  was  I'.ll  tons  at  a 
maximum  injection  pressure  ol  1,500  lb. 
per  s(i.  in.,  and  in  addition  to  this  some 
2,200  bags  of  ashes  were  also  used  in  the 
work  of  filling  u|)  the  fissures.  Sinking  was 
being  carried  out  through  this  treated 
grountl  and  no  water  was  encountered,  but 
it  is  found  that  a  large  fissure  existe<l  vary- 
ing from  18  to  2-1  in.  in  width  and  com- 
pletely sealed   iij). 

No.  4  Cireithir  Shafi  (Jiniicimii  .Miitex). — 
At  a  depth  of  about  700  ft.  during  sinking 
a  fissure  was  intersected  in  the  side  of  the 
shaft,  giving  ap])ioxiinately  50  gallons  of 
water  per  minute.  The  water  in  this 
fissure  was  dealt  with  by  drilling  six  holes 
systematically  and  injecting  a  quantity  of 
1  ton  5  cwt.  of  cement  to  a  pressure  of 
400  lb.  per  sq.  in.  Wlien  this  feeder  was 
sealed  off  a  series  of  14  holes  was  drilled 
into  the  shaft  bottom  to  further  treat  this 
vertical  fissure  to  a  depth  of  approximately 
200  ft.  Water  was  found  in  all  these  holes 
in  quantities  varying  from  10  to  80  gallons 
per  minute.  A  total  of  22  tons  of  cement 
was  injected  to  a  pressure  of  2,000  lb.  per 
sq.  in.  This  shaft  has  since  been  sunk 
through  the  treated  ground,  and  was  found 
to  be  dry. 

Rand  Water  Board  Pumping  Station. — 
At  this  pumping  station  cementation  was 
employed  u])on  the  main  walls  and  base- 
ment floor  of  the  engine  house  and  also 
upon  the  engine  foundations  with  the  object 
of  solidifying  as  far  as  possible  the  defective 
ground  and   concrete   foundation    work. 

Fourteen  boreholes  were  drilled  outside 
the  main  building  to  a  depth  of  24  ft.,  and 
cement  was  injected  up  to  a  pressure  of 
250  lb.  per  sq.  in.,  this  treatment  producing 
a  suitable  effect  upon  the  walls  and  wall 
foundations.  The  main  engine  foundations 
and  basement  flooi-  were  then  dealt  with  by 
boreholes  and  further  treatment  conducted. 
The  concrete  generally  was  found  to  be 
somewhat  defective  and  highly  porous,  and 
it  was  found  that  a  considerable  amount  of 
cement  could  be  injected  at  a  pressure  of 
30  lb.  per  sq.  in.  into  the  engine  founda- 
tions, which  should  originally  have  been 
solid.  The  total  quantity  of  cement  used 
upon  this  work  was  70  tons. 

Considerable  disturbance  had  evidently 
been  created  as  a  result  of  earth  tremors, 
and  previous  to  the  above  work  being  carried 
out  the  main  engine  foundations  and  engine 
house  walls  were  subject  to  heavy  vibration 
and      movement,      which      was      distinctly 
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noticeable,  whereas  after  the  cementation 
treatment  a  state  of  rigidity  was  imparted. 

Broken  HiJI  Mine,  Xortlicrn  RJiodcsin. — 
A  rectangidar  shaft,  21  ft.  4  in.  x  7  ft.  4in., 
had  been  sunk  to  a  depth  of  80  ft.  through 
a  bed  of  alluvial  ground  consisting  of  clay 
and  boulders  which  overlies  solid  dolomite. 
During  the  course  of  sinking  ver}-  heavy 
feeders  of  water  were  encountered  approxi- 
mating 90.000  gallons  per  hour.  It  was 
decided  to  attempt  to  seal  of^'  this  water 
and  solidify  tiie  portion  of  the  shaft  already 
sunk  to  enable  further  cementation  in  depth 
to  be  proceeded  with  and  the  shaft  to  be 
sunk  without  pumps.  A  series  of  14  bore- 
holes was  put  down  outside  the  shaft  at  a 
distance  of  8  ft.  from  the  inside  of  the 
timbers,  and  up  to  the  present  time  about 
60  tons  of  cement  has  been  injected  with 
the  result  that  the  standing  feeder  of  water 
in  the  shaft  bottom  has  been  closed  oft",  and 
in  addition  to  this  pressures  up  to  300  lb. 
per  sq.  in.  are  obtainable  upon  these  bore- 
jioles,  in  spite  of  the  fact  that  they  are  in 
such  close  proximity  to  the  shaft.  A  certain 
amount  of  coke-breeze  has  also  been  used 
in  this  case  for  filling  pvuposes. 

Mazoe  Dam,  Southern  Rhodesia. — This 
work,  which  was  mentioned  by  ]\Ir. 
Krynauw,  consisted  of  the  solidification  of 
a  laminated  and  fissiu'ed  bed  of  ironstone 
rock  overlying  solid  dolomite.  In  order  to 
construct  the  dam  vmder  ordinary  condi- 
tions it  would  have  been  necessai'y  to 
excavate  a  large  quantity  of  this  pervious 
rock  down  to  the  water-tight  bed-rock, 
instead  of  which,  by  drilling  a  series  of 
about  80  holes  the  mass  of  this  ironstone 
across  the  site  of  the  dam  has  been 
thoroughly  treated  by  cementation,  and  a 
quantity  of  about  290  tons  of  cement  has 
been  used  up  to  pressures  of  250  to  1,700  lb. 
per  sq.  in.  The  main  portion  of  the  foun- 
dation has  been  completed,  and  the  con- 
structional work  connected  with  the  dam 
itself  is  being  proceeded  with.  Unfortu- 
nately the  cementation  had  to  be  suspended 
on  account  of  the  influenza  epidemic,  but  a 
small  amount  of  work  only  remains  to  be 
done  to  complete  the  two  spillways. 

In  addition  to  the  above-mentioned  appli- 
cations of  cementation  which  I  have  picked 
out,  I  may  say  that  a  large  amount  of  work 
has  been  successfully  can-ied  out  upon 
watex--bearing  fissures  in  levels,  shafts,  etc., 
this  being  a  class  of  work  which  can  very 
often  be  earned  out  very  simply  and  with 
small  expense.  I  should  like  to  mention 
liere  also,   in   connection  with   the  remarks 


made  by  Mr.  H.  A.  White  relative  to  the 
admixture  of  other  materials  with  cement 
to  save  expense,  that  in  England  this  prin- 
ciple has  been  largely  adopted  for  some  time 
in  cementation  work,  and  large  quantities 
of  finely  ground  clinker  ashes  liave  i)een 
emplo^-ed  with  every  satisfaction. 

With  the  same  object  in  view  I  have 
since  my  arrival  conducted,  with  the  assist- 
ance of  j\Ir.  Toombs,  an  extensive  series  of 
experiments  witli  ordinary  dump  slime, 
both  in  the  shape  of  laboratory  tests  and 
also  bulk  tests,  and  the  conclusions  so  far 
ai'rived  at  are  such  that  it  is  now  possible 
to  employ  a  mixture  of  approximately  50% 
of  cement  and  50%  of  slime  for  the  purpose 
of  filling  large  cavities  which  are  likely  to 
l)e  encountered  in  dolomite  country.  By 
introducing  such  material  considerable 
expense  may  be  saved  compared  with  using 
pure  cement,  especially  when  taking  into 
consideration  the  present  market  price  of 
cement. 

I  would  like  also  to  call  attention  to  the 
remarks  made  by  the  President  upon  the 
subject  of  the  chemical  process,  which,  he 
observed,  had  been  mentioned  in  the  Pro- 
ceedings of  the  Australian  Institute  of 
^Mining  Engineers  in  1917.  I  think  that 
there  is  no  doubt  whatever  that  the  first 
place  at  which  this  process  was  used  was 
at  the  Hatfield  Main  Sinking,  as  a  result 
of  considerable  research  in  connection  with 
the  treatment  of  the  porous  new  red  sand- 
stone. This  process  in  combination  with 
cementation  has  also  proved  to  In*  an 
unqualified  economic  success  for  such 
measures,  and  I  have  heard  recently  that  it 
is  likely  to  be  further  adopted  almost 
immediately  in  the  case  of  six  or  eight  pairs 
of  shafts,  w'hich  may  be  commenced  now 
that  the  war  is  over. 

Finally,  I  would  like  to  make  a  few 
remarks  concerning  the  cost  of  cementa- 
tion, and  would  say  that  in  this  country 
the  item  of  cost  requiring  most  atten- 
tion seems  to  be  that  of  the  diamond 
boring,  and  in  one  way  a  large  amount  of 
cost  can  be  reduced  by  using  several  boring 
machines  at  the  same  time  in  order  to  do 
all  the  dead  boring  between  fissures  as 
quickly  as  possible,  and  so  reduce  standing 
charges.  Careful  control  is  necessary,  and 
after  keeping  close  record  of  costs  I  find 
that  in  a  recent  case  the  total  cost  of  boring, 
including  labour  and  diamonds,  was  found 
to  be  only  about  10s.  6d.  per  foot  per  hole, 
which  is  a  considerable  reduction  as  com- 
pared with  the  usual  recognised  price  of  £1 
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per  foot  for  small  lioles,  whicii  I  have  been 
lufoniu'cl  is  •,'eiu'rally  the  case.  I  nui}'  say 
that  in  Enj^'laiul  in  stratiticd  nieasurt-s 
practically  all  boring  for  cenu-ntation  is  also 
earned  out  with  the  aid  of  diamond  diills, 
but  the  wastage  of  diamonds  is  i)ractically 
nil,  aiul  I  have  known  some  stones  as 
havitig  l)een  in  use  for  five  or  six  years,  and 
still  doing  good  work. 

The  President:  There  is  no  doubt  that 
this  is  anothci-  ])aper  that  cainiot  be 
regarded  as  a  final  discussion.  So  I  propose 
that  this  be  left  open  again  in  the  hope  of 
further  discussion. 


THE  EFFECTS  OF  DUST  INHALATION 


By  J.  8.  Haliune,  M.I).,  F.R.S. 
(Hon.  Member). 


( Prinied  in  Journal,  July,  191S.) 


DISCUSSION. 

Mr.  A.  McArthur  Johnston  (Past-Presi- 
■dcnt):  I  would  like  to  read  a  small  contri- 
bution from  Dr.  Watt  on  Dr.  Haldane's 
paper,  and  the  discussion  thereon  both  here 
and  in  England. 

Dr.  Andrew  H.  Watt  (Visitor):  I  have 
read  with  great  interest  Dr.  Haldane's 
paper  and  the  discussions  thereon  in  this 
country-  and  in  England. 

Considerable  light,  I  think,  could  be 
thrown  upon  the  subject  by  our  experiences 
out  here.  Do  coal  miners  who  come  to 
work  on  the  Rand  take  longer  to  develop 
silicosis  than  men  who  have  not  worked  in 
the  coal  mines?  Figures  to  be  comparable 
should  be  taken  from  tlie  same  class,  e.g., 
home-born  men  and  colonial-born  men,  for 
it  is,  I  think,  established  that  the  colonial- 
born  miner  is  more  prone  to  develop  miners' 
phthisis  and  tuberculosis  than  the  home- 
bora  miner.  All  this,  and  similar  infomia- 
tion,  might  be  obtained  from  the  ^liner's 
Phthisis  Bureau  or  Board.  Experiments 
on  animals  might  be  carried  out  similar  to 
the  Simmer  Deep  experiments  Experi- 
ments canned  out  in  situ  are,  I  think, 
preferable  to  purely  laboratory  experiments. 
I  do  not  think  that  a  miner  affected  by 
silicosis,  i.e.,  fibrosis  of  the  lungs,  will 
benefit  much  by  working  in  a  coal  mine. 
The  damage,  i.e.,  the  fibrosis  has  ah'eady 
taken  place,  and  the  removal  of  any  silice- 
ous particles  from  the  lungs  will  not  make 
the  fibrosis  less.  It  might  prevent  any 
further  absoi-ption  of  silica.  We  would 
expect,    that   if  Dr.    Haldane's   conclusions 


are  correct,  the  amount  of  coal  dust  in  a 
coal  miner's  lungs  would  prevent  for  >k 
tune  at  li-ast,  the  absorjjtion  of  siliceous 
<lust. 

On  the  Hand,  I  do  not  consider  that 
enougli  resi-arch  work  has  been  done  on 
this  most  important  subject.  It  has  been 
left  in  the  past  to  medical  men  and  other 
investigators  to  do  what  they  coul.l  whilst 
carrying  on  their  usual  occupations,  which 
naturally  absorb  the  most  of  their  i-nergies. 
I  think  the  (iovemment  or  the  industry 
should  secun-  and  pay  skilled  investigators 
to  go  into  the  whole%ubject,  in  the  light 
of  present  day  knowledge,  or  the  .Minei-s' 
Phthisis  Medical  Bureau  might  have  a 
department  for  research.  The  present 
examiners  have  not  the  time  or  opportunity 
for  original  work,  as  all  their  energies  are 
devoted  to  the  routine  work  of  the  Bureau, 
and  examining  periodically  applicants  for 
compensation  and  miners.  Further  use 
might  be  made  to  the  mass  of  figures  which 
must  now  be  available. 

The  President:  It  seems  to  me  that 
the  results  obtained  by  Mr.  limes  are 
more  important  than  ^  the  method  of 
obtaining  them.  In  combination  with  the 
work  done  and  suggestions  made  by  Dr. 
Haldane  we  must,  if  we  are  alive  to  our 
duties,  evolve  something  of  value  to  the 
industry.  I  therefore  ask  you  not  to  leave 
the  subject  at  the  ]n-eliminary  stage,  which 
is  all  that  it  has  so  far  reached,  but  to 
follow  it  up  and  to  let  us,  as  a  Society,  try 
to  do  our  best  to  improve  matters  and  show 
that  we  are  thoroughly  alive  to  the  value  of 
better  conditions  on  these  Fields.  I  may 
add  that  a  committee  of  the  Chamber  of 
INlines,  is  engaged  in  dealing  with  this 
subject  in  an  extremely  careful  and  elabor- 
ate manner. 


FURTHER  NOTES   ON   SANDFILLING 
OF  MINES. 


By  C.  H.   Greathead  (Member  of  Council.) 
(Prinied  in  Journal,  April,   WIS.) 

REPLY    TO    DISCUSSION. 

Mr.  C.  H.  Greathead  (Member  of 
Coimcil):  I  do  not  think  there  has  been 
any  further  contribution  by  any  of  the  other 
members  on  this  subject;  but  since  reading 
my  paper,  one  rather  interesting  little 
problem  has  cropped  up  in  these  large  sand- 
filled    areas.     As    you    mav    remember.     I 
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stated  at  the  time  that  a  considerable  niovo- 
ment  in  the  ground  had  been  stop[)ed  in 
the  large  areas  tluit  had  been  sancl-tilled ; 
but  quite  recently  there  has  apparently 
been  a  further  settlement  inside  those  areas 
which  contain  a  large  number  of  pillars, 
which  have  been  surrounded  by  sand.  We 
liave  had  some  very  heavy  earth  tremors 
tiiat  we  could  not  trace,  and  we  had  an 
idea  that  they  were  due  to  the  bursting  of 
the  pillars  that  had  been  left.  The  day 
before  yesterday  there  was  a  very  heavy 
shock  in  the  night  and  in  the  morning,  when 
the  shift  went  down,  we  found  the  drive, 
near  the  end  of  our  29th  level  cross-cut, 
entirely  closed  up,  due  to  the  bursting  of 
three  large  pillars,  left  near  the  end  of  the 
cross-cut  along  the  drive,  which  are  entirely 
suiTounded  b\-  sand  for  about  500  ft.  in 
every  direction.  So  I  thinlv  it  simply 
points  to  the  fact  that,  although  the  sand 
is  supporting  the  ground  over  a  very  large 
area,  nevertheless  there  is  a  gradual  settling 
down  of  the  strata  above  these  pillars,  and 
that,  when  the  pillars  reach  their  bursting 
point  they  give,  and  I  consider  that  in  any 
sand-filling  operations  one  has  in  view,  all 
pillars,  if  possible,  should  be  removed  prior 
to  filling  with  sand,  to  avoid  these  bursts. 

I  do  not  think  I  have  anything  further 
to  mention  now. 

The  President:  It  is  very  late  now,  and, 
1  thinly,  it  anyone  has  any  further  contri- 
butions to  make  on  the  subjects  we  have 
discussed  this  evening,  if  thev  will  be  kind 
enough  to  send  them  direct  to  the  Secretary, 
they  will  be   inserted  in  the  Journal. 

THE     ESTHIATION     OF     OXYGEN    IN 
WOKKING  CYANIDE  SOLUTIONS. 


By  H.  A.  White  (Vice-President ) 


(Printed  in  Journal,  Jane,   1918.) 


DISCUSSION. 

Mr.  Andrew  King  (Member):  The 
author  lias  brought  to  our  notice  a  subject 
which  in  recent  years  has  received  little 
attention  from  cyanide  operators,  and  the 
working  method  which  he  has  given  us  as 
the  result  of  his  research  is  one  which  will 
be  found  of  considerable  use. 

The  percentage  extraction  results  in  the 
top  compartments  of  the  extractor  boxes 
as  given  by  Mr.  White  seemed  low  com- 
pared with  the  writer's  experience,  but 
when  the  corresponding  oxygen  detei-mina- 
tions  were  made  it  was  seen  that  the  dis- 


solved oxygen  in  tlie  slime  plant  solutions 
in  particular  was  much  lower  than  those 
given  by  Mr.  White  and  .Mr.  \\  artenweiler ; 
and  tliis  probably  accounts  for  the  higher 
percentage  extractions  obtained  in  the  top 
compartments  of  the  extractor  boxes  as 
shown  bv  the  following  results  (see  table, 
J).   151).  ' 

A  complete  series  of  sand  leaching  was 
also  tested  for  dissolved  oxygen,  and  the 
results  obtained  were  much  the  same  as 
those  given  by  the  author,  showing  a 
gradual  increase  in  amount  of  oxygen  as 
treatment   progressetl. 

What  would  appear  to  be  a  serious  lack 
of  oxygen  in  slime  plant  solutions  will  be 
noticed,  also  that  the  oxygen  dissolved  by 
the  solution  between  the  time  it  leaves  the 
extractor  boxes  and  is  brought  to  rest  in 
first  settlement  vat  is  used  up  before  preci- 
pitation. Satisfactory  extraction  of  gold 
from  slime  is,  however,  obtained.  It  must 
also  be  mentioned  that  practically  all  slime 
plant  solutions  tested  gave  a  muddy  purplish 
colour,  not  strictly  comparable  with  the 
colour  standards,  and  several  of  the  foiiner 
quickly  became  lighter  in  colour,  showing 
that  some  oxygen  absorbing  compound  was 
present  in  solution.  To  what  this  is  due 
has  not  j'et  been  satisfactorily  determined, 
but  it  seems  probable  that  the  "  make-up 
water  which  comes  direct  from  underground 
and  contains  a  large  quantity  of  iron  and 
alumina  in  solution,  may  be  the  cause  in 
the  first  instance.  The  colorimetrio  oxygen 
test  cannot  be  applied  to  this  water  until 
made  strongly  aU^aline  and  filtered,  the 
addition  of  pyrogallol  and  caustic  soda 
giving  an  almost  black  purplish  colour.  The 
comparatively  high  percentages  of  ferro- 
cyanide  found  in  the  solutions,  white  preci- 
pitate and  zinc-gold  slime  at  this  plant  can 
be  traced  to  this  make-up  water. 

The  author  has  referred  to  T.  B.  Crowe's 
paper,*  from  which  it  would  appear  that 
the  practical  difficulties  of  extracting  dis- 
solved oxygen  from  cyanide  solutions  prior 
to  precipitation  have  been  overcome  in 
.\merica.  It  would  be  interesting  and  in- 
structive to  know  how  this  is  accomplished. 
The  author  thinks  that  agitation  or  spraying 
is  necessary,  presumably  because  the  appli- 
cation of  vacuum  to  a  vessel  containing  a 
depth  of  solution  does  not  reduce  the 
amount  of  dissolved  oxygen  svifficiently. 
Would  it  not  be  possible  to  overcome  this 
difficulty  by  causing  the  solution  to  flow 
through  a  vacuum  chamber  with  a  number 

*  Abstracted  in  our  JovrnaJ,  Nov.  1918,  p.  83. 
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Solution  from  same  vat  after  20  hours  settling 
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of  vertical  and  horizontal  divisions"?  The 
solution  could  then  be  discharged  from  the 
sealed  vessel  with  the  aid  of  a  vacuum  trap 
without  breaking  the  vacuum. 

I  agree  with  the  author  that  the  matter 
is  sufficiently  important  to  be  thoroughly 
investigated  by  large  scale  experiments, 
particularly  in  view  of  the  considerable 
saving  of  cyanide  and  zinc  claimed  by  Mr. 
<?rowe. 


Notices  and  Abstracts   of  Articles  and 
Papers. 


The   meeting   terminated   at    10.45  p.m. 


CHEMISTRY. 

An.-^lysis  of  ALUMixrcM  Alloys. — "  In  a  contri- 
bution to  the  discussion  on  the  above  paper,  by 
B.  CoUitt  and  W.  Regan,  Mr.  A.  W.  Willis  writes 
that  the  estimation  of  manganese  in  aluminium 
alloys  may  be  performed  even  more  simply  and 
expeditiously  than  described  by  the  authors,  as 
1  gm.  of  practically  any  of  the  alloys  will  dissolve 
readily  in  25 — 30  cc.  of  nitric  acid  of  sp.  gr. 
r20,  if  a  single  drop  of  hydrofluoric  acid  be  added. 
This    immediatelv    causes    much    effervescence    and 
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rapid  solutinn  of  the  alluy.  The  solutiim  is  then 
oxidised  with  bisnuithate.  cleared  and  cooled, 
oxidised  cold,  and  filtered  through  asbestos  as 
usuii.  The  hydrofluoric  acid  has  no  detrimental 
effect  on  the  results,  and  enables  one  to  work  with 
a  nuicli  smaller  bulk  of  solution  whicii  is  better 
for  the  oxidation  by  bisniuthate.  For  nickel 
estimation,  the  glyoxinie  method  gives  the  most 
satisfactory  results,  the  process  being  somewhat 
simpler  than  that  given  in  the  paper,  viz.,  the  alloy 
is  dissolved  in  dilute  hydrochloric  acid  with  the 
addition  of  a  drop  or  two  of  nitric  acid  to  get  the 
copper  residue  into  solution,  avoiding  excess.  Then 
the  solution  is  diluted  and  about  10  gm.  of  tartaric 
acid  added,  and  when  dissolved  a  suitable  (luantity 
of  dimethylglyoxime  solution,  and  the  Ii(iuid  made 
ammoniacal  and  allowed  to  stand.  It  is  then 
hltered  through  counterpoised  papers  and  the 
precipitate  dried  and  weighed  as  usual.  The 
aluminium,  copper,  etc.,  are  kept  in  solution  by  the 
tartaric  acid  and  ammonia,  and  the  nickel  precipi- 
tate is  quite  clean.  The  manganese  and  nickel 
pi-ocesses  as  above  have  been  in  continuous  use  in 
a  large  works  laboratory  for  some  years,  and  are 
quite  satisfactory  for  ordinary  works  purposes. 
Mr.  Grisley's  suggested  method  of  titrating  the 
copper  with  potassium  cyanide  was  tried  some 
three  or  four  years  ago  and  the  method  found  to 
be  quite  satisfactory  w'itii  care,  but  for  rapid  works 
check  purposes  (mostly  performed  by  junior 
workers)  it  was  found  that  the  iodide  method  gave 
a  much  better  end-point,  as  the  cyanide  discharges 
the  copper  blue  colour  somewhat  slowly  and  hence 
requires  slower  and  more  careful  titration." — A.  W. 
Willis. — Jotinuil  of  the  Sociefi/  of  Clicmical 
Industry,    May    15,    1918,    p.    142t."     (A.    W.) 


Characteristics  of  Good  Nitrogenous  Ferti- 
lisers.— "  f'areful  measurements  have  thown  that 
the  applicatir)!!  to  an  acre  of  land  of  1  cwt.  of 
nitrate  of  soda  or  sulphate  of  ammcmia,  or  li  cwt. 
of  nitroiim,  under  proper  conditions  and  within 
certain  limits,  may  reasonably  be  expected  to  give 
the   following   crop   increases  : — 


likely  to  be  increased  if  post-war  conditions  are 
such  that  farmers  are  liable  to  increase  their  areas 
of    ploughed    land    and    grow   more   corn. 

Other  nitrogen  compounds  are  effective  in  so- 
far  as  they  can  be  converted  into  nitrates  in  the 
soil.  Ammonium  salts  come  a  very  close  second 
to  the  nitrates,  since  annnonia  is  rapidly  converted 
into  nitrate  in  the  soil  by  bacterial  action,  and  the- 
process  is  complete  before  the  plant  really  needs- 
all   the   nitrogen  that  has  been   applied. 

Soil  also  contains  numerous  bacteria,  capable  of 
rapidly  converting  protein,  amino-acids,  and  many 
amides  into  annnonia,  which  is  then  oxidised  to- 
nitrate ;  in  consequence  protein  nitrogen,  amino- 
acid  nitrogen,  and  amide  nitrogen  are  all  of  great 
manural   value. 

Calcium  cyanamide  (nitroiim)  is  almost  quantita- 
tively converted  into  ammonia  in  the  soil  and 
thence  into  nitrate  :  thus  it  is  also  of  high  manurial 
value.  If  the  effectiveness  of  nitric  nitrogen  is  put 
at  100,  ammoniacal  nitroiren  would  be  about  95, 
cyanamide  nitrogen  about  85  to  90  or  more,  and 
protein  nitrogen  about  70  to  80. 

No  other  combination  of  nitrogen  so  far  tested 
is  know-n  to  have  as  high  manurial  value  as  these- 
substances  :  plants  cannot  absorb  them  as  such, 
and  the  soil  bacteria  cannot  convert  them  into- 
ammonia.  Thus  neither  the  nitro  bodies  nor  the- 
diazo-compounds,  nor  the  ring  compounds  resistant 
to  bacterial  action  in  the  soil  are,  so  far  as  is 
known,  of  any  fertilising  value.  If  it  were  proposed 
to  utilise  any  of  them  as  fertilisers  it  would  be 
necessary  first  to  decompose  them  and  bring  them- 
into  a  form  in  which  they  would  be  convertible 
into  nitrates  in  the  soil. 

Besides  this  requirement  tliat  the  nitrogen  should 
be  convertible  into  ammonia  or  nitrate  in  the  soil, 
there  is  a  second  requirement  that  is  equally  indis- 
pensable. The  other  constituents  should  be 
innocuous  to  plant  and  bacterial  life  :  if  they  are 
beneficial,  so  much  the  better.  Plants  growing  in 
natural  soil  are  not  over  sensitive,  and  the  soif 
organisms,  if  given  time,  will  oxidise  many  toxic 
substances;    for    example,    phenol    and    ciesol    dis- 


Potalocs 

Wheat 
Barley 
Oats' 


Crop  increase. 


1   ton. 


gnun. 

4^  bu-«hcl.s 

6i       „ 


straw, 
o    cwt. 

ei    „ 
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Present 
market  value 
of  increase. 


£6     0 

£2  » 
£2  10 
£2  10 


This  increase  produces : 

Calories  in  millions 
available  for  human  use. 


0-9fi 

OSf) 
0  36 
0  32 


.No,  of  davs  for  which 

these  heat  units  will 

last  one  man. 


280 

I  no 

100 
94 


One  cwt.  of  these  concentrated  fertilisers  is 
therefore  capable  of  producing  enough  food  to 
satify  a  man's  bodily  requirements  for  100  or 
more  days,  or,  in  other  words,  one  pound  of 
combined  nitrogen  properly  used  in  the  soil  will 
yield  enough  food  to  keep  a  man  going  for  about 
five  days.  No  apology  is  needed,  therefore,  iov 
emphasising  the  desirability  of  increasing  supplies 
of   combined    nitrogen. 

The  normal  course  of  events  is  for  the  plant  to 
take  up  practically  the  whole  of  its  nitrogen  in  the 
form  of  nitrate  :  in  conse(juence,  the  most  effective 
fertilisers  are  the  nitrates  of  sodium,  potassium, 
ammonium,  and  calcium.  For  some  of  these  there 
has    long    been    a    considerable    demand,    which    is 


appear  tolerably  rapidly  from  soil,  being  oxidised 
by  some  of  the  organisms  occurring  therein.  But 
thei-e  are  some  groupings  that  living  plants  will 
not  tolerate,  and  if  these  are  present  the  material 
cannot  safely  be  used  as  manure.  The  simplest 
test  for  these  harmful  substances  is  the  plant 
itself.  At  Rothamsted  the  test  is  carried  out  as 
follows  :— Twelve  pots  are  filled  with  garden  or 
field  soil,  and  then  divided  into  three  sets  of  four 
each.  In  one  set  the  substance  to  }.p  tested  ^s 
incorporated  in  the  soil  at  the  rate  of  100  mgm. 
of  nitrogen  per  kilo,  of  soil  :  the  second  set  is 
similarly  treated  with  sodium  nitrate  also  at  the 
rate  of  100  mgm.  per  kilo,  of  soil  :  the  third  set 
is    left    untreated.         Seeds    of    wheat,    barley,    or 
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mustard  are  sown  according  to  the  season  (wheat  in 
winter,  barley  in  spring,  and  mustard  in  summer 
or  autumn),  and  the  pots  kept  e(|ually  moistened. 
The  plant  ra|>idly  and  definitely  indicates  the 
fertilising  value  of  the  material  used,  and  the 
presence  of  absence  of  toxins.  In  the  latter  case, 
not  only  is  growth  depressed  below  that  of  the 
unl rented  plants,  but  the  young  leaves  show  some 
abimrmal  features  :  the  edges  or  tips  may  be 
bleaihed  or  withered,  or  the  leaves  may  be  very 
dark  green  in  colour  and  curl  under,  or  be  other- 
wise affected.  If  a  to.\in  is  indicated  the  chemist 
must  find  some  way  of  decomposing  it. 

In  studying  fertilisers  at  Rothamsted  this  test 
is  never  omitted.  A  substance  was  recently  inves- 
tigated which,  from  its  analysis,  seemed  most 
promising  as  a  fertiliser  :  it  was  rich  in  nitrogen, 
mainly  in  nitrate  form,  as  the  result  of  previous 
special  treatment.  But  as  soon  as  it  was  tried 
in  the  pot  experiment  the  young  plants  were 
poisoned  :  the  seed  leaves  became  blanched  at  the 
edges,  and  though  the  seedlings  struggled  into 
plants  which  finally-  attained  maturity,  growth  was 
considerably  behind  that  of  the  untreated  soil,  and 
the  proposed  fertiliser  had  done  more  harm  than 
good. 

Turning  now  to  the  nitrates  and  ammonium  salts, 
which  are  known  lo  possess  high  fertilising  value, 
there  are  two  standard  fertilisers  with  which  the 
farmer  is  familiar,  and  which  in  peace  time  he  can 
obtain  in  considerable  quantities — nitrate  of  soda 
and  sulphate  of  ammonia.  Any  proposed  new 
fertiliser  would  have  to  meet  the  competition  of 
these,  and  would  therefore  need  to  possess  some 
advantage  of  cheapness,  greater  effectiveness  or 
convenience,   if   it  hoped  to  come  into  use. 

Potassium  nitrate  has  the  advantage  that  it 
contains  potassium  which  itself  is  of  considerable 
fertilising  value  :  the  farmer,  therefore,  has  two 
manures  in  one  substance.  It  so  happens  that 
potassium  is  not  very  widely  needed  in  England 
for  farm  crops,  the  need  being  usually  restricted 
to  potatoes,  mangolds,  and  clover.  Of  these, 
clover  does  not  want  added  nitrogen,  and  the 
potato  is  rarely  supplied  with  nitrate  by  the  best 
growers,  who  consider  that  it  thereby  loses  in 
quality  :  it  is  instead  given  ammoniacal  nitrogen. 
The  mangold  is  the  only  crop  requiring  both 
potassium  and  nitric  nitrogen,  but  it  so  happens 
that  it  needs  sodium  and  chlorine  as  well,  so  that 
nitrate  of  soda  and  kainit  forms  a  good  combina- 
tion for  the  purpose.  The  farmer  is,  therefore, 
not  specially  drawn  to  potassium  nitrate,  and  is 
never  prepared  to  pay  a  high  price  for  it,  certainly 
not  the  price  that  was  asked  before  the  war. 
There  is  some  demand  by  horticulturists  but  not 
much  ;  there  may  also  be  the  possibility  of  w^orking 
up  an  e.xport  trade. 

Calcium  nitrate  has  far  greater  possibilities  as 
a  fertiliser,  because  it  is  said  to  be  producible  at  a 
price  enabling  it  to  compete  with  nitrate  of  soda. 
The  calcium  is  somewhat  more  useful  in  the  soil 
than  the  sodium,  but.  on  the  other  hand,  this 
advantage  is  offset  by  the  fact  that  calcium  nitrate 
readilv  deliquesces,  and  therefore  is  not  easily 
stored  or  handled  by  the  farmer.  This  can  to 
some  extent  be  overcome  by  making  a  basic  nitrate, 
but  the  percentage  of  nitrogen  then  becomes 
lowered,  and  the  farmer  has  to  pay  more  per  unit 
of  nitrogen  for  freight,  cartage,  drilling,  and 
handling  than  in  the  case  of  nitrate  of  soda  with 
its    higher    nitrogen    content.     Probably    these    dis- 
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advantage  of  the  calcium  ko  that  the  price  of  iIk- 
nitrogen    sliouUl    be   Bomewhat    lesH. 

Ammonium  nitrate  has  tlic  iulvantage  that  it  ir> 
very  rich  in  nitrogen,  and  therefore  Ijugging, 
freight  and  transport  charges  per  unit  are  reduced 
to  a  minimum.  'I'his  is  of  obvious  importance  in 
the  home  trade,  and  to  a  still  greater  extent  in 
certuin  branches  of  the  export  trade.  Infortu 
iiately  the  adsantage  i«  somewhat  discounted  by 
the  circumstance  that  ammcjnium  nitrate  is 
deliquescent,  and  therefore  not  easily  applied  Ut 
the  land  by  means  of  the  ordinary  manure  drill. 
Further,  it  is  so  extremely  soluble  that  it 
plasmolyses  the  leaves  of  the  young  crop  to  which 
it  is  applied.  In  some  of  the  experiment.'!  hitherto 
made  it  has  nt)t  proved  etjual  to  nitrate  of  sod  i 
or  nitrate  of  lime  ;  however,  it  is  not  to  be  «u|»- 
posed  that  the  last  word  has  been  said  on  the 
subject. 

'I'hree  ammonium  salts  have  been  used  as 
fertilisers  in  addition  to  the  ordinary  sulphate.  The 
muriate  has  been  extensively  tested  and  found  to 
be  indistinguishable  from  the  sulphate  in  fertilising 
actiim  (the  basis  being  equal  amounts  of  nitrogen). 
If  it  had  any  advantage  over  the  sulphate  to  the 
works  chemist  it  could  be  used  extensively  as  a 
fertiliser. 

The  old  sesqui-carbonate  of  ammonia  was  tested 
some  50  or  60  years  ago  at  Rothamsted,  but  the 
results   were  not  very   satisfactory. 

Ammonium  phosph.at*,  like  potassium  nitrate, 
has  the  advantage  of  supplying  two  fertilisers  in 
one  article,  and  thus  of  saving  freight,  cartage, 
bags,  etc.,  always  a  great  consideration  in  the 
export  trade,  and  not  without  significance  at 
home.  There  is,  however,  nothing  to  show  that 
it  is  more  effective  as  a  fertiliser  than  a  mixture 
of  sulphate  of  ammonia  and  superphosphate,  and 
the  farmer  would  not  be  willing  to  pay  a  higher 
price.  Last  autumn  sulphate  of  ammonia  was 
being  sold  for  £15  15s.  per  ton,  and  .30^:,  super 
(i.e.,  superphosphate,  containing  water  soluble 
phosphate  equivalent  to  30%  Ca,P,OJ.  at  £6  10s. 
per  ton  :  at  present  the  prices  are  higher.  It  is 
easy,  therefore,  to  calculate  what  any  given  sample 
of  ammonium  phosphate  would  be  worth  in  the 
home  market.  For  the  export  trade  a  higher  price 
relatively  to  the  mixture  of  sulphate  and  super 
could  be  obtained  corresponding  with  the  saving 
in  freight. 

Ammonium  phosphate  seems  only  to  have  been 
tested  in  one  experiment  in  this  country-,  and  it 
did  not  come  out  as  well  as  nitrate  of  soda.  This 
experiment  was  made  at  Newton  Rigg  in   1911. 

In  the  case  of  other  nitrogen  compounds  it  is 
necessary  to  ascertain  by  the  direct  trial  already 
indicated  their  decomposibility  in  the  soil  and  their 
freedom  from  harmful  constituents.  For  purposes 
of  preliminarj-  sorting  out  a  simpler  test  of  decom- 
posibility may  be  adopted.  The  substance  is 
mixed  with  soil  in  the  proportion  of  100  mgm. 
nitrogen  to  1  kilo,  soil,  keeping  the  soil  moist, 
and  determining  the  rate  at  which  nitrates  are 
produced,  the  first  determination  being  made  after 
5  days,  the  second  after  10.  and  the  third  after 
20  days,  or  a  longer  period  if  necessary.  A  control 
experiment  must  also  be  made  with  soil  alone. 
Ammonium  salts  rapidly  and  completely  nitrify  in 
these  conditions,  so  also  do  some  of  the  protein 
substances,  dried  blood,  etc.  A  third  lot  of  soil  is 
therefore    put    up    to    which    sulphate    of    ammonia 
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IS  applied  at  the  same  rate  :  if  this  nitrifies  quickly 
one  can  be  sure  that  all  tlie  conditions  were  satis"- 
faclury.  Substances  that  nitrify  rapidlv  can  then 
be  tested  by  the  more  elaborate  plant  test." — E.  J. 
RrssELLL. — Journal  of  the  Socirti/  of  Chmiicnl 
hifl„<tr,i,   Feb.    15,   1918,   p.   45r.     (J.    A.    W.) 

METALLURGY. 

Am.\l(;.*.\ution  anu  Ro.\sting  Pr.\ctice  in  Gold 
Coast  Colony.—"  I  shall  limit  myself  in  this 
article  to  a  consideration  of  the  amaigamation  and 
roaster  practice  in  tlie  Prestea  Block  A  mill,  the 
most  important  plant  in  the  Tarkwa  and  Prestea 
gold  fields,  in  the  Gold  Coast  Colony,  Africa.  A 
screen  analysis  of  the  amalgamation'  feed  was  as 
follows  •  -r30  mesh,  2-65%  ;  +60  mesh,  34-37%  ; 
+90  mesh,  16-51%  ;  +120  mesh,  6-19%-  and 
-120  mesh.  40-28%. 

The  equipment  consisted  of  22  side-shaking 
plates  making  ISO  shakes  per  minute  and  actuated 
by  a  10-h.p.  motor;  a  clean-up  barrel  5  ft.  long 
and  3  ft.  in  diameter,  and  two  Berdan  pans.  On 
day  shift  the  plates  were  scraped  at  the  head  end 
with  steel  scrapers  and  then  rubbered  up.  As  the 
lower  end  was  nearly  always  stained  and  scoured, 
it  was  cleaned  with' a  littl'e  fine  sand  and  ammo- 
nium chloride  and  re-amalgamated.  Jlercury  was 
sprinkled  on,  and  rubbed  in  well  with  a  scrubbing 
brush.  The  plate  was  next  rubbered  up,  the  surface 
smoothed  with  a  soft  brush,  and  the  final  touches 
given  under  a  stream  of  water  to  prevent  oxidation 
of   the   freshly   cleaned   plate. 

Sotes  on  Care  of  Plates.  —  The  practice  of 
furrowing  the  amalgam  at  the  head  of  the  plate 
with  the  fingers  is  not  to  be  commended  when  the 
feed  contains  an  appreciable  quantity  of  sulphide 
particles.  The  plate  ought  always  to  be  washed 
with  water  and  hard-scrubbed  after  the  use  of 
ammonium  chloride,  which  leaves  the  amalgam 
surface  unclean.  The  pulp  would  remove  the 
stains  in  the  course  of  time,  but  until  such  time 
as  it  does,  the  plate  is  not  at  its  highest  efficiency. 
Should  the  plate  be  scoured  to  bare  copper,  I  see 
no  serious  objection  to  the  use  of  a  weak  solution 
of  potassium  cyanide,  as  it  prepares  the  plate 
for  re-amalgamation  much  more  quickly  than  does 
ammonium  chloride.  The  use  of  cyanide  is  con- 
sidered inadvisable  by  some,  owing' to  its  solvent 
action  on  gold,  but  I  am  of  the  opinion  that  the 
time  saved  is  worth  more  than  the  minute  quantity 
of  gold  that  may  be  lost. 

Further,  cyanide  solution  is  said  to  harden  amal- 
gam. If  the  plate  is  sprinkled  with  mercurv,  and 
a  little  amalgam  be  added,  this  objection  do'es  not 
hold  good.  Too  much  amalgam  should  not  be 
scraped  off,  for  a  closely  scraped  and  rubbered 
plate  is  always  '  slippery,'  and  therefore  not  suit- 
able for  catching  the  gold.  Again,  as  the  plates 
are  dressed  every  eight  hours,  enough  mercury 
must  be  added  to  keep  them  soft  during  that 
period.  A  clean  plate  retains  less  mercury  than 
does  one  with  a  quantity  of  amalgam  on  it,  and 
thus  it  either  becomes  hard  before  the  end  of  the 
shift  or,  if  a  little  more  than  enough  mercury  has 
been  added,  '  tears '  form  on  the  surface  and  run 
down  into  the  traps.  It  is  preferable,  however, 
to  have  too  wet  than  too  dry  a  plate. 

Cyanide  in  Mill  Water  Kept  Plates  Bright.— 
Owing  to  the  shortage  of  water  on  one  occasion, 
creek  water  was  used  into  which  about  60  tons  of 
010%,  KCX  solution  flowed  per  day  after  passing 
through  the  waste-extractor  box.  The  return  water 
to  the  battery  therefore  contained  a  small  percent- 


age of  cyanide.  The  plates  during  this  period  be- 
came bright,  hard  and  frosted  in  appearance.  They 
'  came  up '  well  after  the  clean-up  and,  from  the 
point  of  view  solely  of  cleanliness,  the  trace  of 
cyanide  in  the  mill  water  was  an  advantage.  After 
the  first  day  or  two  the  plates  remained  bright, 
although  they  were  not  so  hard.  They  were  11  ft. 
long  4  ft.  8  in.  wide,  with  a  grade  of  6%.  This 
was  too  steep  for  large  tonnages,  taking  into  con- 
sideration both  quantity  of  pulp  and  coarseness  of 
the  feed.  To  prevent  scouring  of  the  plates,  as 
the  result  of  a  broken  screen  above,  a  spitzkasten 
was  installed  at  the  head  of  each  branch  l.uinder, 
the  underflow  feeding  three  Bigelow  amalgamating 
pans   %vorking   in   parallel. 

A  stain  should  be  carefully  removed  and  prefer- 
ably a  little  amalgam  should  be  rubbed  in  at  the 
spot  where  it  occurred ;  otherwise  the  discolora- 
tion commences  to  '  creep  '  up  to  the  plate,  and  so 
gives  rise  to  further  trouble.  The  light  stain 
sometimes  seen  on  a  good  plate  is  easily  got  rid  of 
by  rubbing  in  a  sprinkling  of  mercury.  '  The  splash 
boards  should  be  kept  soft,  as  otherwise  pieces  of 
hard  amalgam  may  break  away  and  pass  into  the 
riffles.  The  layer  of  amalgam  on  them  should  not 
be  thick. 

Preparing  Old  Plates. — Some  old  plates,  which 
had  been  scaled,  had  to  be  prepared  for  use.  They 
were  scoured  with  clean  coarse  sand,  wet  with 
strong  cyanide  solution,  and  then  well  scrubbed, 
after  an  addition  of  mercury,  until  most  of  the 
surface  had  been  amalgamated.  Soft  amalgam  was 
then  added  and  well  rubbed  in,  cyanide  solution 
being  used  again.  After  a  light  feed  had  been  run 
over  the  plates  for  a  few  days,  they  were  in  excel- 
lent condition.  The  plates  were  dressed  on  after- 
noon and  night  shifts  exactly  as  on  day  shift, 
except  that  the  scraping  was  omitted. 

The  '  black  sand  '  and  iron  oxide  that  collect  at 
the  head  of  the  plate  should  always  be  removed. 
If  much  amalgam  is  scrubbed  up  it  can  be  rubbed 
in  at  the  upper  end  ;  if  only  a  little,  it  may  as 
well  be  removed  with  the  'black  sand.'  It  is  not 
necessary  to  keep  a  thick  layer  of  amalgam  on  the 
plates,  for  if  the  surface  is  spongy  with  a  laye^ 
1/16  in.  in  thickness,  any  quantity  in  excess  of 
this  is  of  no  practical  value.  The  mercury  used  in 
dressing  should  be  scrupulou.sly  clean.  Retorted 
mercury  always  contained  impurities  in  the  form 
of  scum,  which  was  removed  by  skimming,  by 
pouring  the  mercury  from  one  bucket  to  another, 
by  agitating  under  warm  dilute  nitric  acid  and 
then  filtering  (the  apex  of  the  filter  paper  was 
pricked  so  as  to  allow  minute  globules  to  fall  into 
a  solution  of  potassium  cyanide),  and  finally  by 
squeezing  through  a  double  thickness  of  muslin.  A 
globule  of  the  mercury  would  now  roll  down  a 
glass  plate  without  leaving  any  trace  of  impurities. 

The  daily  '  scrape '  was  ground  with  mercury 
in  a  Berdan  pan,  the  iron  particles  being  removed 
with  a  magnet.  About  60%  of  the  gold  in  the 
plate  heads  was  recovered  by  amalgamation.  Fine- 
grinding  was  not  practised,  because  it  was  desired 
to  keep  the  percentage  of  slime,  which  was  not 
treated,  as  low  as  possible,  and  to  prevent  the 
liberation  of  graphite,  which  caused  trouble  in  the 
sand  cyanide  vats.  I  believe  a  flotation  plant  has 
been  installed,  and  a  better  recovery  is  now  made, 
as  the  graphite  is  floated   off  with  the  concentrate. 

Pror.fdure  at  Monthly  Clean-Up- — At  the 
monthly  clean-up  the  plates  were  steamed  for  two 
hours,  then  scraped  and  scoured  for  two  hours, 
six   '  boys '  to  the  plates.     The  scouring   was  done 
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with  (.le.ui  sand  ami  '  block,"  made  bv  wiappiii;,' 
iron  gauze  round  rectangular  blocks'  of  wood. 
Mercury  was  added  at  the  rate  of  approximately 
7  lb.  every  half  hour.  After  an  hour's  scduring, 
all  the  sand  and  amalgam  was  pushed  to  the  head 
of  the  plate  and  the  sand  was  washed  down  into 
the  foot  blunder,  the  discharge  pipe  of  whieh  was 
of  course  plugged.  The  plate  was  rulibered  u|) 
closely  and  the  riffles  were  cleaned  out  on  to  the 
plate,  which  was  scoured  for  another  hour  and 
then  sluiced  down  and  dressed.  Judgment  must 
be  exercised  in  determining  the  duration  of  the 
scouring.  It  is  inadvisable  to  try  for  a  record 
dean  up  if  the  setting  of  a  new  record  spells  ruina- 
tion to  the  plates ;  records  may  be  too  dearly 
bought.  Personally  I  considered  a  45-min.  scour 
ample,  followed  by  a  second  scour  lasting  30 
minutes.  Each  of  the  plates  yielded  110  to  140  oz. 
of  amalgam.  The  steamecl  amalgam  was  put 
through  the  Berdan  pans  and  squeezed  into  slabs 
of  500-600  oz.  in  a  mechanical  squeezer  ;  all  other 
amalgam  was  hand-squeezed  into  100  to  1.50  oz. 
balls,  though  I  think  80  oz.  balls  are  the  most  con- 
venient for  retorting  and  subsequent  melting  down. 
When  the  mill  stopped  for  the  monthly  repairs, 
the  riffles,  distributors,  launders  and  traps  were 
cleaned  out.  Any  large  pieces  of  amalgam 
recovered  went  to  the  Berdan  pans  ;  the  cocoanut 
mattings  were  hand-picked  and  brushed  and  then 
stored  for  burning.  All  other  material  went  to 
the  barrel  for  16  hours'  grinding.  The  slag  from 
smelting  was  ground  for  Ifi  hours  ;  one-half  bucket 
of  mercury  was  then  added  and  grinding  continued 
for  four  hours  more.  The  barrel,  on  being  cleaned 
out,  usually  yielded  10  oz.  of  amalgam.  The  slag 
was  dried,   sacked   and  shipped   to   England. 

Roaster  Pan  Clean-Up. — The  buckets  of  material 
from  the  roaster  pan  were  washed  under  a  tap,  the 
large  pieces  of  iron  picked  out,  and  the  residue 
was  floated  in  a  bucket  of  mercury,  the  amalgam 
sinking  to  the  bottom.  The  skimming  went  to  the 
Berdan  pans,  and  after  four  hours  was  floated  in 
another  bucket  of  mercury,  the  second  skimming 
going  to  the  barrel   for   16  hours. 

When  a  large  bowl  of  skimming  from  the 
daily  amalgam  had  been  collected,  it  was 
squeezed  as  free  as  possible  from  mercury  and  put 
in  the  Berdan  pans  for  four  hours.  After  the 
addition  of  two  cups  of  mercury,  the  pan  was 
cleaned  out  into  one-half  bucket  of  mercury,  any 
skimming    being    re-ground    for    two    hours. 

The  iron  that  had  been  '  magneted  off '  was 
ground  in  the  barrel  for  48  hours,  three-quarter 
bucket  of  mercury  was  added,  and  grinding  con- 
tinued for  four  hours.  The  iron  was  cleaned  out 
and  sieved  in  a  tub  of  water,  the  coarse  and  fine 
particles  being  '  panned  '  separately  and  '  mag- 
neted.' One  and  one-half  drums  of  iron  yielded 
65  oz.  of  amalgam.  A  drum  was  2^  ft.  high  by 
li   ft.    in  diameter. 

Pon<fcr  Di  partmenf  Prnctice.  —  The  plant 
started  with  one  Edward  roaster,  side  and  end 
fired  :  the  gases  passed  to  flue-dust  collecting 
chambers,  and  thence  up  the  stack.  The  concen- 
trates were  charged  by  means  of  a  conveyor  into 
a  hopper  from  which,  by  means  of  a  screw-feed, 
they  were  discharged  into  a  push  conveyor  at  the 
fire  end  of  the  furnace  so  as  to  eliminate  moisture. 
Xo  great  amount  of  moisture  was,  as  a  matter  of 
fact,    removed    in    the    travel    of    the    concentrates 


along  the  furnace  top  ;  and  ai*  the  conveyor  went 
out  (,f  order  rather  fref|uently,  thereby  cau^ing 
delay  and  necessitating  tin-  expense  and  irregularily 
of  hand  feeding,  I  think  the  plan  lA  feeding 
directly  fn,m  the  hopper  into  the  furnace  \»  prefer- 
able.  At  abf.ut  the  fourth  rabble  from  the  feed 
end,  the  charuo  gives  off  white  fumes  and  begins 
to  spark  ;  it  becomcH  hotter  and  hotter  as  it  ifl 
woiked  down  the  furnare,  and  the  discharge  is  at 
a  bright  red  heat.  The  fires  should  not  be  too 
fierce,  for  a  high  temperature  causes  the  charge  to 
dot  and  thus  to  receive  a  bad  roast. 

Wood  was  employed  as  fuel.  It  is  important 
that  the  firing  should  be  regular,  in  order  that  a 
uniform  heat  may  be  maintained.  Later,  a  new 
furnace,  on  the  regenerative  nrinciple,  was  erected, 
the  gases  passing  over  the  charge  and  then  under 
the  hearth  before  going  up  the  stack.  It  had 
gieater  capacity,   and   did   better  work. 

G'rinrliiti/  Fof/ow  li  Ifon.Hinf/.— After  roasting,  the 
concentrates  (which  now  weighed  '60"',,  less)  went 
to  Bigelow  pans.  The  charge  was  divided  equally 
between  two  pans,  the  overflow  from  the  lip  dis- 
charge of  each  pan  going  to  another  pan  for 
regrindmg,  making  four  pans  in  all.  The  roasted 
concentrates  were  crushed  in  0o%  KCN  solution, 
and  amalgamation  was  practiced  in  the  first  two 
pans.  At  each  of  these  was  placed  a  drum  con- 
taining a  5%  lead  acetate  solution,  the  rate  of  drip 
being  regulated  according  to  the  condition  of  the 
roast.  From  the  regrinding  pans  the  pulf)  streams 
flowed  to  whichever  agitator  was  being  filled.  The 
agitator  (12  ft.  diameter  by  8  ft.  high)  took  about 
24  hours  to  fill,  and  the  charge  was  then  further 
agitated   for  48  hours. 

The  pulp  flowed  by  gravity  to  a  monteju,  and 
thence  by  air  pressure  to  a  50-leaf  Dehne  filter 
press.  A  cake  contained  about  163  lb.  of  dry  slime. 
The  charged  press  was  given  three  washes  from  the 
barren  solution  vat,  and  two  water  washes  or  more 
if  necessary.  The  auriferous  solution  from  the 
agitator  had  a  cyanide  content  of  from  025%  to 
03%,  the  drainings  from  002  to  005%.  Twenty 
pounds  of  lime  were  added  per  shift  to  the  roasted 
concentrates,  and  the  same  quantity  was  thrown 
into  an  agitator  after  it  had  been  filled.  About, 
30  lb.  of  cyanide  in  solution  was  added  to  an 
agitator  during  filling. 

The  protective  alkalinity  was  kept  latterly  as 
high  as  01%  CaO  ;  previously  it  had  ranged  from 
0003  to  0009%  and  had  given  satisfactory  results 
on  light  feeds.  On  one  occasion  after  an  agitator 
had  been  filled,  it  was  noticed  that  the  cyanide 
content  had  fallen  to  002%  from  the  average 
value  of  0'275%.  While  the  agitator  had  been 
filling,  the  roast  had  been  exceptionally  poor  and 
both  air-lifts  out  of  order.  The  charge  was  pressed 
and  the  residues,  which  showed  a  high  assay  value, 
were  re  treated.  Apparently,  therefore,  as  the 
washing  in  the  pre.ss  had  been  thorough,  the  gold 
in  the  charge  could  not  have  been  dissolved  out 
satisfactorily. 

This  may  have  been  due  to  the  great  destruction 
of  KCX,  owing  to  the  bad  roast  or  to  the  lack 
of  sufficient  o.xygen  in  the  pulp,  which  latter 
delayed  the  solution  of  the  gold.  The  rich  residues 
were  hand  fed  into  the  pans  and  re-agitated  with 
excellent  results.  A  screen  analysis  of  the  roasted 
concentrates  before  and  after  grinding  is  appended. 
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Experiments  on  cyanidation  of  tlie  fine  dust 
were  conducted  with  the  following  typical  results. 
In  No.  1,  agitation  with  KCN  was  employed 
without  roasting.  In  No.  2,  two  hours'  roasting 
was  followed  by  agitation  with  KCN." 

Besults   of   Ci/aniding   Flue    Du<t. 

No.'  1  No.  2. 

Solids  in  feed,  per  cent.         25  25              25 
Strength        of       KCN 

solution,    per    cent....          05  OS            051 

Pounds   CaO   per  ton...         50  30             50 

Hours   agitation            ...         24  24              24 
Strength  of  KCN  after 

agitation,     per     cent.      Nil  048          05 
CaO     after     agitation, 

per  cent 001  0112        0124 

Assay    value    of    heads       $44  $44            $44 

Assay  value  of  residue       $32  $525         $4-60 

Percentage    recovery...        27-6  882          89-7 

As.O^  before  roasting,  7%  ;    after  roasting,  trace. 

Loss  "in  weight   during  roasting,  17%. 

—  P.WL     T.      BnuHL. — Enqineerinii     and     Miiiinq 
Journal,   Feb.    23,   1918,   p.    367.     (E.    M.    W.) 

Abstracts  of  Patent  Applications 


010.17.     Tlie  Do.-r  Company.     Classifiers.     15.10.17. 

This  application  relates  to  settling  and  classifying 
apparatus  of  the  type  in  which  ore-pulp  is  divided 
in  accordance  to  the  different  specific  gravities  of 
its  solid  constituents. 

It  consists  of  primary  and  secondary  settling 
chambers — details  of  construction  being  given — 
which  show  these  chambers  to  be  interconnected 
by  restricted  passages  which  niaterially  increase 
the   efficiency  and    capacity   of   the  combination. 


809.17.  D.  Zaverdine.  Improvements  in  amalga- 
mating and  concentrating  apparatur;.  2.12.17. 
This  application  relates  to  improvements  in 
amalgamation  and  concentrating  apparatus,  and 
consists  in  a  vertical  trunk  or  bo.x,  fitted  with 
prfijecting  inclined  amalgamated  plates  over  which 
the  pulp  is  pas.sed.  Concentration  is  performed 
either  in  the  bottom  of  this  box,  or  others  which 
may  be  attached  thereto,  and  which  are  shown  in 
the  form  of  traps  with  varying  kinds  of  riffles. 
Other  details  occur  in  providing  baffles  to  regulate 
the  flow  of  pulp,  and  the  optional  use  of  an 
upward   stream  of   clear  water. 

67.18.     S.    E.     Hubbard     (1),    A.     E.     Barker     (2). 

Improvements     in    stope     and     like     conveyors. 

29.1.18. 
This  application  relates  to  conveyors  of  the  type 
made  up  of  a  pair  of  endless  ropes  or  other 
flexible  members  passing  around  terminal  drums 
and  supporting  one  or  more  load  cari'iers,  which 
are  short   in   relation  to  the  length  of  the   ropes. 


.Vccording  to  tlio  design  set  fortli  in  tlie  appli- 
cation, the  load  carrier  is  not  fi.xed  to  cither  rope, 
or  may  be  fixed  to  one  ri)])e,  the  purpose  of  this 
being  to  overcome  the  difttculties  experienced  by 
differential  movement  or  creeping  of  the  ropes,  so 
as  to  avoid  the  distortion  of  the  structure  which 
would  eventuate  in  the  case  of  a  creep  where  the 
carrier   is   fixed    to   both    ropes. 

The  load  carrier  in  tliis  particular  case  is  made 
up  of  wooden  slats  threaded  on  pieces  of  rojie  or 
other  flexible  material  so  that  it  may  pass  around 
the  terminal  drums. 


77.18.      N.    Y.    Kobertson    (1),    H.    Moss    (2).     Im- 
provements in  pipe   and  hose  coupling.     1.2.18. 

This  application  refers  to  a  pipe  or  like  coupling, 
the  combination  with  a  socket  element  providing 
a  socket,  a  spigot  element  adapted  to  pass  into  the 
socket  and  having  an  enlargement  at  its  front  end, 
a  resilient  w-asher  positioned  on  the  spigot  behind 
the  enlargement,  and  means  to  retain  the  spigot  in 
the  socket,  said  means  engaging  the  back  of  the 
washer  whereby,  upon  pressure  being  established 
within  the  coupling,  the  washer  is  compressed  into 
contact  with  the  socket. 

There  are  other  claims  which  include  a  connec- 
tion on  the  bayonet  principle,  and  modifications 
of  the  original  claim,  and  the  claims  are  not  con- 
fined to  the  description. 


109.18  and  457.18.     J.   E.   .Jones.     Improvements  in 
mortar    boxes    for    stamp    mills.     26.7.18. 

This  application  relates  to  a  proposed  improve- 
ment in  the  construction  of  the  upper  neck  of  the 
Nissen  type  of  mortar  bo.x  within  which  the  head 
travels. 

In  the  present  construction  of  the  mortar  box 
the  back  portion  of  this  neck  is  an  integral  part 
of  the  main  casting,  the  first  portion  only  being 
removable. 

In  view  of  the  wear  taking  place  on  the  neck, 
this  application  priovides  for  its  being  a  separate 
casting  made  in  halves,  the  back  portion  being 
secured  by  bolts  to  the  body  of  the  mortar  box, 
and  the  front  portion  secured  to  the  back  portion 
by  other  bolts  so  that  the  front  can  be  removed 
without  disturbing  the  back. 

The  application  further  provides  for  the  lower 
portions  of  the  neck  halves — where  the  greatest 
amount  of  wear  occurs — being  detachable  from  the 
upper  portions,  so  that  these  lower  portions  may 
be  renewed  without  having  to  discard  the  whole  of 
the    neck. 
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Proceeding-s 


Ordinary  General  Meeting-, 
March  15,  1919. 


Tlie  Ordinary  (itiieral  Meeting  of  the 
Society  .  was  held  in  the  South  African 
School  of  Klines  and  Technology  Building, 
Johannesburg,  on  Saturday,  the  loth  ^larch, 
1919.  Mr.  H.  S.  Meyer  (President)  in  the 
chair.     There  were  also  present : — 

24  Members:  Messrs.  A.  Whitby.  H.  A. 
White.  H.  R.  Adam,  C.  Toombs.  F.  Warten- 
weiler,  G.  A.  Watermeyer,  W.  E.  Dowling, 
J.  pj.  Thomas,  Prof.  J.  A.  Wilkinson, 
<i.  Hildick-Smith  (Members  of  Council), 
P.  Cazalet.  J.  .M.  Dixon,  L.  D.  Hingle, 
Dr.  L.  G.  Irvine,  W.  H.  Jane,  A.  King, 
T.  G.  :Martvn.  G.  Melvill,  J.  T.  Momsbv, 
H.  A.  Read.  J.  Thorlund,  C.  J.  Tutt.  J.  S. 
Willcox. 

9  Associates:  ^Messrs.  E.  G.  Bilse, 
J.  Boyd,  J.  Cronin,  C.  L.  Dewar,  0.  A. 
Oerber,  C.  H.  Olsson,  Y>.  R.  Robinson, 
J.  de  Villiers,  J.   Whitehouse. 

10  Visitors,  and  Fred  Rowland  (Secre- 
tary). 

MINUTES. 

The  Minutes  of  the  Ordinary  General 
Meeting  held  on  the  loth  February.  1919, 
as  recorded  in  the  February  Journal,  were 
confirmed. 

General   Business, 
economies  in  mining  engineering  supplies. 

(Printed   in  Journal,   December,    1918.) 

The  President:  We  are  fortunate  in 
having  Mr.  Elsdon  Dew  present  at  our 
meeting  this  evening.  Perhaps  he  would 
like  to  contribute  a  point  or  two  for  our 
benefit. 

Mr.  W.  Elsdon  Dew  fVisiior):  T  have 
reallv  come  to  learn  something  this  evening. 


and  not  to  try  to  impart  any  knowlt-dge. 
This  subject  is  one  that  has  been  dealt  with 
more  by  the  workers  on  the  mines  than 
anyone  in  the  head  offices,  and  the  few 
points  I  have  collected  were  really  with  a 
view  to  putting  these  things  together  for 
the  benefit  of  the  others  on  the  mines,  so 
that  they  could  read  them,  and  thereby 
j)Ossibly  ini])art  a  certain  amount  of  enthu- 
siasm with  a  view  to  the  subject  lieing 
furthered. 

I  really  have  very  little  that  I  personally 
can  add  with  regard  to  the  matter.  As  I 
have  said  before,  it  is  really  these  things 
on  the  mines  from  which  we  have  learnt  a 
lot ;  the  head  offices  have  acknowledged  the 
many  points  that  they  can  learn  from  the 
mines,  from  the  practical  experience  and 
practical   work   done. 

The  President:  The  obvious  thing  for  me 
to  do  now  is  to  ask  any  of  the  workers  on 
the  mines  to  contribute  to  the  discussion, 
and  thus  add  to  our  knowledge. 

THE    HANDLING    OF    AMALGAM    FROM    STEAMED 
PLATES. 

Messrs.  A.  J.  Herald  and  A.  King  '  Mr  tu- 
bers): Usual  Mrfltoil  and  its  Di.-<<idriintagcs. 
— It  IS  common  practice  in  many  mills  to 
clean  the  amalgam  from  the  steaming  of 
plates  grinding  it  up  with  additional 
mercury^  removing  iron,  pyrite,  etc.,  in  the 
ordinary'  way,  and  then  press  into  cakes 
ready  JFor  the  retort.  By  this  method  a 
clean  amalgam  in  a  convenient  form  for  the 
retort  pans  and  containing  27  '  to  80  '  fine 
gold  is  obtained,  the  amalgam  in  the  process 
having  taken  up  an  additional  18'.  to  25"^ 
of  mercury,  practically  all  of  which  is  of 
course  ultimately  recovered  from  the  retort. 
Where  large  quantities  of  steam  amalgam 
have  to  be  handled  this  method  has  disad- 
vantages which  will  be  obvious  to  those 
acquainted  with  the  operations;  several 
white    men,    including   responsible   officials. 
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aie  t.c  I  L»"  the  amalgam  iwui  LXiiitinuously 
for  a  number  of  hours,  other  work  and 
supervisory  duties  having  to  be  neglected 
in  tht'  meantime,  and  the  labour  involved 
in  (."iirying  out  the  cleaning  and  pressing 
ot  t!ii>  i)roduct  is  b-  no  means  light.  There 
is  always  a  certain  amount  of  risk  and 
danuvr  in  having  several  thounsand  ounces 
of  amalgam  in  various  stages  of  the  process 
exposeel.  The  retorting  and  smelting  of  this 
cleaned  amalgam  present  no  ditticulty,  how- 
ever, bullion  of  890  gold  fineness  being 
commonly  obtained. 

Propp.<icd  Method. — The  method  which 
tlie  authors  have  adopted  after  slight  varia- 
tions, is  as  foUows : — The  plates  to  be 
Fteamed  are  made  reasonably  clean  by 
washing  down  and  removing  iron,  etc.  (by 
scraping  lightly,  if  necessary),  before  steam 
is  applied.  After  steaming  and  sci'aping 
the  cnide  amalgam  is  introdviced  at  once 
into  the  locked  receptacle  in  which  it  is  to 
be  conveyed  ultiinately  to  the  smelting 
room,  no  grinding  witli  additional  mercviry 
being  done.  When  charging  the  retort  pans 
a  small  quantity  of  oxidiser  (such  as  man- 
ganese dioxide)  is  sprinkled  over  the 
amalgam.  The  amount  of  oxidiser  used  is 
about  one  half  per  cent,  on  weight  of 
amalgam,  and  is  not  enough  to  cause  any 
ebullition  or  affect  the  bullion  in  any  way 
except  to  oxidise  the  iron  present  in  the 
amalgam  so  that  it  may  be  absorbed  readily 
into  the  slag  as  a  silicate  during  the  subse- 
quent melting  of  the  retorted  bullion.  The 
retorted  bullion  will  probably  look  impure 
on  account  of  the  iron  oxide  present,  but 
will  yield  clean  bars  of  888  to  891  gold  fine- 
ness without  refining  or  skimming. 

Advantages  of  Proposed  Method. — These 
are  obvious  and  important  particularly  when 
a  large  quantity  of  amalgam  has  to  be  dealt 
with  at  a  time.  The  amalgam  has  only  to 
be  weighed  after  it  is  taken  off  the  plate, 
and  can  then  be  locked  away  imnfiediately, 
risks  of  all  kinds  and  danger  of  exposure 
being  therefore  reduced  to  a  minimum. 
Labour  is  also  reduced,  no  overtime  being 
necessary  even  when  10,000  oz.  of 
amalgam  are  steamed.  It  is  also  obvious 
that  a  smaller  stock  of  mercury  can  be 
kept  when  steam  amalgam  does  not  require 
grinding  and  cleaning.  Furtlier,  since  the 
capacity  of  a  retort  for  cleaned  or  uncleaned 
amalgam  is  practically  the  same,  a  greater 
weight  of  bullion  is  obtained  from  a  retort 
full  of  the  latter,  as  will  be  apparent  from 
figure^,  already  given. 


If  for  convenience  of  handling  it  be 
desired  to  get  the  amalgam  into  a  coherent 
cake  this  may  be  done  by  mixing  the 
amalgam  with  water  and  then  pressing. 
This  involves  a  certain  amount  more  lumd- 
ling,  exposure  and  time,  and  to  the  autliors 
does  not  seem  necessary. 

It  will  be  noted  that  the  method 
advocated  here  is  a  simplified  form  of  the 
older  method,  and  in  that  respect  might 
be  taken  as  an  example  of  an  advance  in 
p^'actice  by  elimination  of  certain  operations 
which  were  at  one  time  considered  essential 
rather  than  by  further  elaboration  of  the 
method.  A  parallel  case  is  that  of  eliminat- 
ing the  risks  involved  in  intimately  mixing 
calcined  gold  slime  with  fluxes  preparatory 
to  crucible  smelting  by  introducing  the 
slime  and  flux  into  the  crucible  in  separate 
layers.* 

While  recommending  this  simplified 
method  the  authors  do  not  claim  originality 
for  it;  its  advantages  appear  so  important 
to  them  that  thej  consider  it  ought  to  be 
known  and  adopted  generally. 
~  The  President :  You  have  no  doubt  been 
highly  interested  by  this  suggestion  out  of 
everyday  practice,  and  I  am  sure  there  are 
one  or  two  of  those  present,  wdio  are  engaged 
in  milling,  who  would  like  to  comment  on 
the  matter. 

Mr.  W.  R.  Bowling  (Past-President): 
I  had  the  pleasure  of  seeing  this  note  by 
Messrs.  Herald  and  King  before  it  was  read 
this  evening.  The  authors  are  to  be  con- 
gratulated in  binnging  forward  an  interest- 
ing matter  connected  with  our  everyday 
work.  They  have  clearly  demonstrated 
that  advances  in  practice  do  not  always 
entail  additional  operations.  In  tliis  case 
the  elimination  of  operations,  which  had 
become  traditional,  constitute  the  advance. 
The  safe  custody  of  gold  and  its  various 
products  in  a  reduction  works  forms  not  the 
least  important  of  the  duties  of  reduction 
ofl&cials  and  workers,  and  any  measure 
which  makes  for  this  end  is  to  be  com- 
mended. The  elimination  of  all  cleaning, 
operations  whereby  frold  amalgam  is 
exposed  for  liours  and  the  reduction  of 
operations  to  the  simple  scraping  and  trans- 
fer to  a  locked  iron  box  of  the  steamed 
amalgam  is  a  relief  from  anxiety  that  must 
appeal  to  any  reduction  man. 

The  President:  This  matter  will  be  held 
over  for  furtlier  discussion  at  our  next  meet- 
ing.   ^___ 

•See   this   Journal,    Vol.   vii.,   Jan.,  1907,  p.    212. 
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Tho  title  i>[  this  paper  makes  use  of  n 
term  wliioii  lias  ciept  into  seientifie  litera- 
ture duriii}^  the  last  thirty  years,  and  has 
now  oi)taine(l  by  eommon  usaj^'e  a  definite 
and  speeifie  meaning.  The  reason  for  this 
lies  in  the  fact  that  tlu'  development  of 
chemical  industry  and  the  progress  of 
chemical  technology  and  applied  chemistry 
have  hei'U  so  enormous  as  to  make  demands 
for  a  study  of  that  specific  kind  of  engineer- 
ing and  chemical  knowledge  which  is 
required  of  those  who  are  called  u|)on  to 
carry  out  chemical  reactions  and  operations 
on  a  large  scale  and  from  a  commercial 
stand|)oint.  It  will  he  ol)vious  that  the 
definition  just  given  embraces  metallurgical 
engineering  as  \\ell,  but  the  vexed  and  oft- 
debated  question  whctlier  this  is,  apart  from 
its  admitted  magnitude  and  importance,  of 
such  a  degree  of  differentiation  as  to  be 
entitled  to  be  classed  apart  T  shall  not 
attempt  to  discuss,  since,  whatever  answer 
is  given,  it  must  be  conceded  that  the  work 
of  both  deals  with  chemical  and  ])hysical 
problems  of  a  comi)lex  and  different  char- 
acter, and  it  is  in  the  interests  of  progress 
that  each  sliould  be  cognisant  of  the  woi'k 
of  the  other.  The  ])nrpose  of  this  contribu- 
tion is.  then,  to  consider  the  subject  of 
chemical  engineering  more  jiarticularly  from 
the  point  of  view  of  local  requirements  and 
needs,  together  with  the  provision  at  present 
made  and  necessary  for  its  future  develop- 
ment. 

The  experiences  of  the  last  four  years 
have  brought  into  great  prominence  the 
part  the  chemist  and  chemical  engineer 
play  in  the  national  welfare.  To  take  one 
instance  only,  the  fixation  of  atmospheric 
nitrogen  by  uniting  it  with  hydrogen  and 
oxygen  has  intensified  on  the  one  hand  the 
production  of  foodstuff's,  and  on  the  other  of 
explosives,  having  enabled  our  enemies  dur- 
ing the  war  to  render  themselves  totally 
independent  of  the  Chilian  nitrate  fields, 
whence  fonnerly  these  supplies  could  alone 
l)e  drawn,  and  thus  to  continue  the  struggle 
to  a  period  which  previously  would  have 
been  utterly  impossible.  The  manifold 
activities  of  the  chemist  and  chemical  engi- 
neer during  this  period  have  served  to  open 
the  eyes  of  the  public  to  an  extent  such  as 
could  not  have  been  achieved  in  so  short  a 


time  by  any  other  method,  and  at  the  same 
time  they  have  served  to  weld  the  profes- 
sion into  closer  union  with  a  wider  outlook. 
These  facts  are  the  legacy  of  the  strenuous 
period  through  which  we  have  now  passed, 
and  they  will  form  the  foundation  stones  for 
that  future  reconstruction  which  has  been 
heralded  forth  so  loudlv  in  th»-  daily  press. 
This  has  recently  been  stated  in  oth.-r  words 
with  particular  reference  to  this  cramtry 
thus.*  "  Into  ali  the  factors  which  could 
enable  the  oversea  manufacturer  to  under- 
sell South  African  products  in  the  South 
African  markets  it  is  not  our  purpose  here  to 
enter.  What  we  do  wish  to  drive  home  is 
this,  that  no  matter  what  the  other  condi- 
tions may  be,  there  is  one  great  idea,  which 
has  firmly  gripped  the  world,  and  that  is. 
that  the  davs  of  haphazard  production, 
unaided  bv  scientific  investigation,  are  past. 
Henceforth  the  country  that  ignores  the 
scientist  and  his  laboratory,  mentally  rele- 
gating them  to  the  cloistered  precincts  of 
the  college  and  the  university  and  forgetting 
their  very  existence,  will  simply  be  num- 
bered amongst  the  "also  rans."  Other 
things  being  equal,  the  race  will  be  io  the 
manufacturer  who  joins  hands  with  the 
scientist,  and  who  not  only  accepts  all  the 
help  the  latter  may  offer  him,  but  invites 
his  assistance  wherever  possible." 

This  statement  was  made  for  the  benefit 
and  enlightenment  of  the  South  African 
mamifacturer,  who  will  look  to  the  colleges 
and  universities  of  this  land  to  supply  him 
with  the  necessary  assistance,  and  this  nuist 
be  of  such  a  character  as  to  enable  him  to 
meet  the  competition  mentioned,  in  other 
words,  he  requires  not  only  the  chemist  or 
the  engineer,  but  preferably  that  combina- 
tion connoted  by  the  term,  which  may  be 
new  to  many,  namely,  the  chemical  engi- 
neer. 

The  present  development  of  chemical 
industry  in  this  country  is  small  when  com- 
pared with  that  of  some  of  the  older  civil- 
ised countries  of  the  world,  but,  on  the 
other  hand,  though  not  insiijnificant.  it  is 
yet  capable  of  being  increased  enormously. 
A  glance  at  the  list  of  imports  into  this 
country,  many  of  which  could  be  manufac- 

*Vide  "  S.  A,  Journal  of  Industries,'  VoL  I,  No.  16.  p.  14S2, 
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tured  frcm  our  own  raw  materials,  is  suffici- 
ent to  tniphasise  tliis  point,  with  wliioli  ] 
have  dealt  fully  elsewhere.'  Tliat  this 
increase  in  development  will  surel.v  take 
place  is  u  popular  belief,  hut  to  meet  the 
competition  of  the  imported  article  it  must 
he  elfected  by  the  means  employed  else- 
where, not  the  least  vi  which  is  efficient 
scientific  service. 

Much  has  been  written  of  the  training 
necessary  to  give  the  chemical  engineer  a 
proper  equipment  for  his  life's  work,  and 
opinions  vary  enonnously,  even  amongst 
those  who  might  he  expected  to  liave  arrived 
by  experience  at  more  or  less  definite  and 
common  conclusions.  This  arises,  I  think, 
from  the  extreme  diversity  of  the  many 
branches  of  eliemical  industry  and  the  fact 
that  what  is  a  most  important  factor  in  one 
branch  is  of  secondary  or  subsidiary  import- 
ance in  another,  and  the  chemical  manu- 
facturer naturally  tends  to  magnify  those 
points  by  which  he  has  been  impressed  in 
his  own  particular  industry.  Within  certain 
limits,  however,  there  is  a  general  consen- 
sus of  opinion  as  to  the  subjects  required 
and  the  time  which  should  be  allowed  for 
their  prosecution  whilst  at  college  or  univer- 
sity, assuming  that  the  student  enters  witli 
the  passport  of  that  sound  general  education 
which  is  considered  necessary  as  a  founda- 
tion for  the  various  learned  professions. 
The  latter  is  work  which  is  generally  carried 
out  in  the  secondary  school,  and  my  experi- 
ences lead  me  to  believe  that  specialisation 
at  this  stage  is  fraught  with  danger.  On 
the  other  hand,  the  schoolmaster  is  sub- 
jected to  so  many  critical  assaults  from  all 
sides,  that  it  is  impossible  for  him  to  meet 
all  the  demands  made,  and  in  his  attempts 
to  be  of  the  greatest  good  to  the  gre^itest 
number  he  often  fails  to  achieve  that  which 
experience  shows  would  be  the  best  for  his 
pupils.  The  difficulty  often  arises  from  the 
number  of  different  university  examinations 
for  which  he  must  make  preparation,  and 
this  is  intensified  by  the  number  of  profes- 
sional and  other  organisations,  eacli  of  which 
without  regard  for  what  exists,  demands 
special  work  and  training  for  its  own  specific 
entrance  examination.  As  a  case  in  point 
may  be  mentioned  the  fact  that,  in  addi- 
tion to  the  matriculation  examinations  of 
all  the  new  universities  in  Great  Britain, 
most  of  the  professional  societies  conduct 
their  own  entrance  examinations,  which 
resulted  in  much  hardship  to  students  and 
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bewildering  coufusion  to  educationalists,  so 
much  so  that  a  conunittee  was  ;ip]iointed 
by  the  Clovernnn-nt,  just  before  the  war 
broke  out  in  11)14,  to  investigate  the  possi- 
bility of  one  examination,  to  hv  lu'ld  by  the 
State,  whicli  would  serve  as  a  common 
entrance  to  all  universities  and  professions. 
In  South  Africa  there  is,  happily,  such  an 
examination  in  the  Universities  IMatricula- 
tion,  which  if  rightly  constructed  in  the  near 
future  should  obviate  any  future  difficulty  in 
this  respect,  and  at  the  same  time  serve  as 
a  substitute  for  those  abroad,  should  the 
student  desire  to  take  his  course  at  other 
institutions.  Professor  A.  K.  Schwartz,  in 
discussing  the  question  of  S|)ecialised 
entrance  examinations  for  university  or  col- 
lege courses  of  study  in  engineering  science 
with  a  view  to  the  curricula  to  be  followed, 
and  also  to  the  inclusion  in  tlie  latter  of 
courses  in  modern  languages,  at  a  confer- 
ence held  in  June,  1011,  at  the  Institution 
of  Civil  Engineers,  London,  summed  up 
this  aspect  of  the  question  as  follows t  : — 
"  It  appeared  ])articularly  necessary  in  the 
case  of  the  eiigineer  that  his  secondary' 
school  training  should  be  on  as  liberal  lines 
as  possible,  since  liis  subsequent  training  in 
the  college,  the  worksho])  and  the  office  was 
largely  materialistic.  What  was  wanted  in 
the  engineering  courses  was  a  supply  of 
students  with  a  wide  mental  outlook,  whose 
faculties  had  been  well  trained  and  evenly 
developed,  and  any  specialisation  in  the 
secondary  school  at  the  expense  of  this 
liberal  training  was  to  be  deprecated."  This 
o))inion  is  one  to  which,  T  think,  most  of 
us  would  subscribe  without  any  hesitation, 
and  upon  this  foundation  is  given  the 
specialised  training  necessary  for  tlie  prac- 
tice of  the  profession. 

There  is  but  little  divergence  of  ojunion 
about  the  subjects  which  are  required  in 
such  a  course,  but,  on  the  other  hand,  there 
is  much  concerning  the  manner  and  method 
of  its  prosecution,  more  particularly  in  the 
final  stages  of  the  work.  In  a  more  or  less 
complete  sense  engineering  may  be  defined 
as  applied  physics,  and  if  the  field  lies  in 
the  manufacture  of  chemical  products,  then 
the  science  of  chemistry,  both  fimdamental 
and  applied,  must  be  studied  side  by  side 
and  in  conjunction  therewith  along  with  the 
mathematics  necessary  in  both  cases.  Other 
studies  may  be  reckoned  as  subsidiary  to 
these  main  lines,  each  desirable  in  itself  as 
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As  ;i  |i|-:ii-tical  illust ration  ol'  tlio  iiiftliu«l 
of  oariviiif,'  nut  such  a  course,  the  following' 
is  taken  from  the  Cah-ndar  of  the  Soutli 
African  School  of  Mines  and  Tcehnoloprv, 
which  is  tlie  only  institution  of  university 
rank  in  this  country  which  has  hitherto 
attempted  to  deal  with  this  prohlcm.  In 
the  first  year  the  suhjects  are  I'ure  Mathe- 
matics, Applied  Mathematics,  Physics, 
Chemistry,  Diawinjj;  and  Workshop  Prac- 
tice, and  this  work  is  common  to  all  branches 
of  en','ineering  study.  includin<,'  civil,  mech- 
anical, electrical,  mining,  metallurgical  and 
chemical.  In  the  si'cond  year  the  sui)jeets 
if  study  are  Pure  Mathematics,  Applied 
Matiiematics,  Physics,  Chemistry,  (leology. 
Mechanical  Engineering  and  J  )rawhig,  this 
course  heing  common  to  mining,  metal- 
lurgical and  chemical  engineering  students. 
The  third  and  fourth  years  are  special 
courses,  the  subjects  for  the  third  year 
being  Chemistrx ,  Chemical  Technology, 
Mathematics,  Mechanical  Engineering. 
Engineering  Design  and  Drawing.  PZlectro- 
technics.  Mineralogy  and  Crystallography, 
Metallurgy  and  Surveying :  and  for  the 
fourth  year  Chemistry  and  Chemical  Tech- 
nology, Metallurgy  and  Economics.  In 
addition  to  the  above,  first  year  students 
are  expected  to  make  themselves  proficient 
in  one  modern  language  at  least,  and  in  the 
second  portion  of  the  fourth  year  the  student 
is  expected  to  engage  in  research  work  of  a 
technical  character,  the  results  to  be 
embodied  in  a  dissertation  which  is  required 
before  he  can  obtain  his  final  degree. 

Those  who  are  interested  in  working  out 
more  fully  the  details  of  the  courses  men- 
tioned above  are  referred  to  the  School 
Calendar.  At  the  same  time  a  useful  and 
thought  compelling  comparison  may  be 
instituted  lietween  the  courses  given  here 
and  those  laid  down  by  a  mrnlern  School  of 
Technology  such  as  the  ^lassachusetts 
Institute  with  its  multitude  of  teachers  and 
wealth  of  equipment,  the  provision  of  which 
solves  many  of  the  ever  jiresent  difficulties 
associated  with  the  presentation  of  such  a 
course  in  poorer  centres.  The  puqiose  of 
the  course  amplifies  the  definition  given 
above  and  may  be  quoted  here  :  "  To  pi-epare 
students  capable  of  filling  the  demand  for 
men  competent  to  build  and  operate  manu- 
facturing industries  based  upon  chemical 
principles.  The  efficiency  of  any  industrial 
chemical  process  depends  not  only  upon  a 


kuowledgi  i.[  111.,  rhemical  reactions  formm^, 
the  basis  of  the  process,  but  alw)  upon  a 
knowledge  of  tht-  mechanical  principles  on 
which  depend  the  design,  constructifju  and 
maintenance  of  plant  for  carrying  on  these 
reactions. " 

CJenerally  speaking,  in  addition  to  the 
subjects  ordinarily  included  in  college 
courses,  the  special  requirements  for  this 
course  may  be  summarisefl  as  follows  : — 

1.  "^riie  materials  fif  construction  used  in 
chemical  plant,  methods  of  working 
and  testing  them,  their  commercial 
forms  and  cost,  and  the  cheniical 
action  of  acids,  alkalis,  etc.,  etc.,  upon 
them  under  varying  conditions  of  tem- 
perature and  pressure. 

2.  The  plant  used  in  chemical  operations. 
e.g.,  drying,  mixing,  separating,  wash- 
ing, scrubbing,  absorption,  solution, 
liquefaction,  filtration,  eva|)oration. 
concentration,  crystallisation,  com- 
minution, melting,  moulding,  niti-a- 
tion,  calcination,  combustion,  sul- 
phonation,  reduction,  etc.,  etc. 

3.  The  generation  of  power  by  gas,  steam, 
electricity,  etc..  the  measureinent  of 
temperature,  power  and  efficiency  of 
operation.     Distribution  of  power. 

4.  Economics  of  production  and  effect  of 
legislation  thereon.  The  planning, 
erection  and  organisation  of  industrial 
plants.  Handling  and  transport. 
Social  service. 

The  jiresentation  of  such  a  course  as  out- 
lined above  makes  very  exacting  demands 
not  only  on  the  instructors,  but  also  on  the 
institution  where  that  instruction  is  given. 
In  the  first  place  the  equipment  of  the 
chemical,  physical  and  engineering  labora- 
tories must  be  CfiUiplete  in  order  to  j»rovide 
for  the  needful  training  in  these  funda- 
mental subjects,  and  in  addition  a  labora- 
tory is  necessan"  for  the  special  work  of 
chemical  engineering.  The  primary  object 
of  the  latter  should  be  the  provision  of 
appai'atus  for  carrying  out  chemical  opera- 
tions on  a  small  scale,  where  the  gram  of 
the  chemist  could  be  converted  into  the  half 
ton  or  ton  of  the  industrial  process.  It- 
woidd  be  impossible  and  at  the  same  time 
unwise  to  attempt  more  than  this,  since 
experiments  on  this  scale,  if  executed  pro- 
perly and  with  a  due  regard  to  all  the  condi- 
tions affecting  the  process,  are  educative  in 
the  strictest  sense  and  give  the  student  a 
true  insight  into  the  requirements  of  the 
factory. 
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The  problem  of  equipment  in  this  case 
is  fundiimentally  the  same  as  tluit  which 
professors  of  engineering  subjects  liave  had 
to  solve  when  •  equipping  laboratories  for 
practical  work  in  their  own  branches,  and 
those  who  have  had  the  privilege  of  study- 
ing some  of  the  best  engineering  laboratories 
in  Great  Britain  know  full  well  the  manner 
of  its  solution,  namely,  the  provision  of 
small  scale  apjiaratus  carefully  designed  to 
illustrate  fully  the  principles  of  the  subject 
and  methods  of  working  such  as  are  found 
in  the  largest  factories  and  establishments. 
In  designing  a  laboratory  for  this  purpose 
the  construction  of  the  building  requires  the 
most  careful  consideration  owing  to  the 
many  and  varied  operations  which  are  car- 
ried out.  Eoof  trusses  and  vertical  sup- 
porting pillars  require  to  be  designed  of 
sufficient  strength  to  allow  flexibility  in  the 
use  of  shafting  for  power  transmission,  pipe 
lines  or  hauling  and  platforms  for  the  sup- 
port of  tanks  and  apparatus  at  various 
heights.  At  the  same  time  attention  must 
be  given  to  the  materials  of  construction, 
more  especially  of  roof  and  floor  vidth  regard 
to  the  chemical  action  of  gases,  vapours  and 
liquids  upon  them.  In  the  equipment  of 
the  laboratory  the  first  necessity  is  a  liberal 
supply  of  power  sufficient  to  meet  all 
requirements  and  at  the  same  time  leaving 
a  large  safety  factor,  which  means  the 
installation  of  steam  plant,  gas  producers 
and  electric  motors.  Steam  and  electricity 
are  also  necessary  for  other  purposes,  such 
as  control  of  temperatui'e,  drying  opera- 
tions, electrolytic  and  electric  furnace  work, 
etc.  As  these  requirements  are  also  neces- 
sary in  other  liranches  of  engineering, 
duplication  should,  if  i)Ossible,  be  avoided 
and  arrangements  made  to  meet  the  obvious 
difficulties  which  will  arise  in  the  absence  of 
a  large  safety  factor.  Each  should  be  fully 
equipped  with  apparatus  devised  to  secure 
complete  control  and  measurement  of  the 
power  used  in  any  given  operation,  a  factor 
too  often  neglected  even  in  works  practice. 
In  designing  tlie  equipment  necessai-y  for 
the  chemical  operations  to  bo  carried  out 
the  first  point  to  be  decided  is  the  unit  of 
treatment,  which  must  obviously  be  an 
approximation,  but  in  an  experimental 
laboratory  should  be  about  one  ton.  In  the 
second  place  special  attention  shoidd  be 
given  to  those  nascent  industries  which  are 
possible  and  of  the  most  importance  in  the 
immediate  environment.  In  the  third  place 
the   most  general   types  of  plant  necessary 


for  the  individual  operations  r(>quiiod  should 
be  installed  in  sudi  a  manner  that  tliey  can 
be  assembled  and  utilised  as  specific  ]>or- 
tions  of  an  industrial  ])ro('ess  in  wliicli  thev 
are  required,  and,  lastly,  esi)ecial  attention 
should  be  given  to  quantitative  measure- 
ments, not  only  over  the  process  as  a  wliole, 
but  in  each  unit  and  at  each  stage. 

It   is   impossible   inidor   the   nrdinary   con- 
ditions obtaining  in  colleges  and  vmiversities 
to   attempt  to  duplicate   factory   conditions 
in  a  greater  degree   and  at  the  same  time 
unnecessary,   since  the  complete  conditions 
of  any  particular  industry  can  only  be  learnt 
in   the   actual   factory   or   works   where   the 
commercial    manufacture    is    being    carried 
out.     Practice  in  this  phase  of  the  subject 
can  be  given  by  experience  in  works  between 
the   college   sessions,    a   ])lan   wliicli    T   have 
adoj)ted  in   training  students  lieic      Ju   fact 
no  other  course  is  open  if  a  chemical  engi- 
neering laboratory  is  not  provided,  but  even 
with   the   best  equipment   «   college  labora- 
tory can  provide,  the  experience  gained  by 
students    employed    in    works    durinw    the 
course  of  their  college  education  is  a  factor 
which   cannot  be   overlooked  or  liglitly  put 
aside,  and  a  word  of  praise  is  due  to  tliose 
firms  here   which   have  been   of  sucli  great  j 
assistance  in  this  way.     On  the  other  hand,  I 
it  should  be  borne  in  mind  that  employers  | 
who  grant  these  privileges  to  students  are  i 
in    a   better   position,    when    f^-electin'T   "rad-  j 
nates  for  employment,  than  those  wlio  liavo  ' 
had  no  such  experiences. 

The    final   test   of   the    academic    traiiiing  ; 
is,  as  lias  been  stated  above,  the  solution  of  I 
some  industrial  problem  involving,  if  possi- 
ble,   not   only    scientific    but    also   economic  | 
study,    and    the    presentation    of    the    work  I 
done   in  the  form   of  a  dissertation   for  the  I 
degree.     Work    of    this    nature    is,     in    my  ! 
opinion,  on  the  one  hand  a  fitting  finale  to  t 
a  college  training,  and,  on  the  other,  a  meet  j 
and  proper  introduction  to  a  chemical  engi-  j 
neering  career,  as  I  know  of  no  other  method  ! 
which  is  equally  efficient  in  bringing  before  \ 
a  student  the   real   nature   of  the   work  he 
may   and   probably   will    be   called    upon   to 
do.     It  is  at  the  same  time  a  ])roof  of  the 
value    fif    liis    training    and    a    method    l)y 
whieli    tlje    student    himself    can    gauge    his 
own  j)Owers.     It  assists  him  tf)  a  knowledge 
of    the    meaning    of    research,    and    should 
enable  him  to  tackle  jiroblems,  which  he  is 
sure  to  meet  witli   in   liis  latei'  career,  with 
greater  confideiu-e  than   he  irii<^dit  otherwise 
possess.     It  is  tlie  last  step  of  his  tutelage, 
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ami  tlii;u,i,'li  111'  niav  iidt  l)t'  MUiirc  ol  it, 
|)t.'rlia|is     tlir     iiKisI     iiii|)(n'tanl  ( iiiidaiici' 

and  (•(tiinsi'l  aif  still  liis  Idf  tlir  askiii;,'  to 
assist  liiin  in  llif  prosL't'iition  of  the  work 
scientifieallv  ami  svsttMiiatically,  ami  wliat- 
t'vtT  tlie  rt'sult,  tlio  ox[)i'rii'mH!  lliiis  ^'aiiu'd 
should  prove  invaluable. 

This  nietiiod  ot  training,'  is  hy  no  means 
new  or  novel,  hut  in  ISuuth  .Vt'rica  the  fetish 
of  examinations  and  examinations  alone  as 
final  and  eorelusive  tests  is  still  to  a  large 
extent  worshipped,  and  the  sooner  the 
universities  of  tliis  land  ado})t  an  up-to-date 
policy  in  this  direction,  j^reater  and  more 
lastini:;  ^ood  will  from  every  point  of  view 
he   achieved. 

The  above  outlines  a  courst'  of  four  years' 
training?,  and  thou,i^h  I  am  fully  aware  that 
it  may  have  its  deficiencies,  yet,  on  the 
other  liand,  I  venture  to  tliink  that  it 
includes  all  that  can  justly  be  claimed  as 
beinj,'  essential.  Its  aim  and  object  is  not 
to  provide  specialists  for  any  ])articular 
industry,  but  to  give  a  foundation  which 
will  enable  men  who  intend  to  engage  in 
industrial  chemical  work  to  become  special- 
ists later  by  applying  their  knowledge  to 
the  st-.lution  of  the  specific  prolilems  of  the 
particular  industry  tliey  have  chosen.  In  a 
recent  article**  entitled  "  A  Manufacturer's 
Experience  with  Graduate  Chemical  Engi- 
neers," the  writer,  ]\fr.  S.  E.  Church,  states 
that  during  the  past  two  years  he  has 
employed  in  the  general  manufacturing 
department  100  student  engineers,  who  were 
employed  not  at  first  to  occupy  a  definite 
position,  bnt  to  undergo  a  course  of  study 
in  the  company's  business  and  to  fit  them- 
selves for  positions  in  the  engineering, 
operating  or  experimental  departments  of 
manufacturing  after  a  period  of  at  least  six 
months'  training.  During  this  training 
period  the  men  receive  instruction  in  the 
form  of  lectures  on  various  products  and 
processes  by  heads  of  the  manufacturing 
and  technical  staff,  and  are  given  special 
assignments  for  personal  study  of  a  product, 
process,  manufacturing  unit,  laboratoiy  or 
works  experiment,  etc.  At  the  end  of  this 
period  the  student  is  assigned  to  a  definite 
position  or  released,  or  under  certain  con- 
ditions continues  his  probationary  period. 
The  experience  gained  is  summed  up  by  the 
statement  "  That  a  comprehensive  course 
of  chemical  engineering  should  cover  at 
least  five  years,   and  preferably  six,   which 
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will  probably  not  be  realised  owing  to  the 
tremendously  increaKed  demand  for  chemi- 
cal engineers."  At  the  present  moment, 
and  indeed  for  some  years  to  c(jme,  I  doubt 
if  it  would  be  possible  in  this  country  to 
add  a  fifth  year  of  college  study,  liut  this 
might  be  achieved  by  a  post-graduate  year, 
in  which  the  student  would  be  engagi-d  in 
research  on  some  industrial  proljlem.  Then.' 
ai'e  many  manufacturers  who  are  either 
unable  or  unwilling  to  retain  the  services 
of  a  chemist  or  chemical  engineer,  but  who, 
on  the  other  hand,  have  problems  which 
are  in  urgent  need  of  solution.  The  colleges 
of  the  country  can  aid  in  this  respect  by 
placing  the  services  of  their  laboratories, 
staffs  and  graduati'  students  at  their  dis- 
jiosal.  for  which  privile"«  the  manufacturers 
would  be  called  upon  to  pay  an  amount  not 
exceeding  a  certain  sum  to  be  settled  in 
consultation  with  th.'  c  1I(  ge  or  universit.v 
authorities. 

This  scheme,  which  is  ])ractica!ly  the 
same  as  the  Industrial  Research  Fellowships 
first  ])ropnsed  and  carried  out  bv  tlie  late 
Professor  Kennedy  Duncan  in  America, 
would  inevitably  lead  to  that  desirai)le  and 
mutual  understanding  which  -jught  to  exist 
between  the  colleges  and  universiti'.'S  on  the 
one  hand  and  manufacturers  .'uid  lead-^rs  of 
industry  on  the  other.  In  America  the 
results  have  been  of  the  utmost  value,  and 
eventually  led  to  the  establishment  of  a 
special  centre  for  industrial  research,  the 
Mellon  Institute  at  Pittsburg,  where  every 
facility  is  granted  both  to  the  industrialists 
and  research  graduates  from  the  various 
colleges  and  universities  of  the  country ; 
and,  be  it  not  forgotten,  this  in  a  country 
where  endowments  for  educational  jnirposes 
are  forthcoming  in  bounteous  plenty,  not 
merely  from  the  State,  but  fi'om  private 
individuals,  who  consider  it  a  privilege  and 
an  honour  to  associate  themselves  with 
these  good  works  for  the  upliftment  and 
progress  of  the  community  at  large.  A 
modern  educational  institution  must  keep 
ever  before  its  eyes  the  needs  of  its  environ- 
ment, and,  in  my  opinion,  as  far  as  chemi- 
cal industry  is  concerned,  there  are  few 
better  methods  than  the  one  outlined  above. 

In  conclusion,  it  may  not  be  considered 
out  of  place  to  refer  to  the  investigations 
undertaken  in  the  U.S.A.  by  the  Joint 
Committee  on  Engineering  Education  of  the 
National  Engineering  Societies  and  the 
Carnegie  Foundation  for  the  Advancement 
of  Teaching  into  those  qualities,  which  spell 
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the  success  or  failure  of  a  college  graduate 
in  his  professional  career.  A  committee 
appointed  hy  the  Council  of  the  American 
Institute  of  Chemical  Engineers,  with  ]'ro- 
ifssor  Withrow  as  its  present  chairman,  is 
in  charge  of  this  investiiration  with  especial 
reference  to  chemical  engineering  work,  and 
its  object  is  to  render  assistance  to  those 
who  are  responsible  for  the  preliminary 
training  of  students,  and,  in  the  second 
place,  to  employers  when  selecting  men  for 
employment  or  promotion. 

The"  first  step  taken  was  to  circularise  the 
members  of  the  societies  individually  with 
a  request  tor  answers  to  the  following  ques- 
tions : — 

1.  What  are  the  particular  points  at 
which  the  work  of  the  engineering  schools 
is  effective  and  successful  ?  ] 

2.  What  are  the  particular  points  at 
which  the  work  of  the  engineering  schools 
is  Ica-sf  effective  and  successful ".' 

3.  What  specific  experiences  illustrate  the 
conclusions  expressed  in  your  answers  to 
questions  1  and  2  ? 

4.  What  are  the  most  important  factors 
in  determining  })robable  success  or  failure 
in  engineering  ? 

;j.  When  examining  a  candidate  for  a 
l)rospective  job,  what  sort  of  information  is 
best  calculated  to  assist  in  judging  his  fit- 
ness and  probable  success?     Give  samples. 

6.  What  sort  of  work,  what  specific  jobs, 
what  kind  of  experiences  are  most  effective 
in  testing  a  man  for  fitness  and  ])robable 
success  in  engineering  ?     Give  samples. 

7.  Have  you  ever  found  a  knowledge  of 
either  French,  German  or  Spanish  essential 
to  your  professional  career  ? 

8.  Should  a  reading  knowledge  of  one  of 
the  modern  languages  be  required  of  every 
engineer  ?     Why  ? 

9.  Make  specific  suggestions  for  the 
improvement  and  strengthening  of  tlie  engi- 
neering schools. 

Unfortunately  out  of  21,81o  circulars  sent 
out  only  1,400,  or  6-4%,  were  returned, 
rendering  it  impossible  to  form  an  opinion 
which  could  be  lightly  considered  as  a  true 
reflection  of  the  oi)inion  of  the  engineering 
profession.  Notwitiistanding  this,  the 
replies  were  summarised  and  divided  into 
eighteen  groups,  each  descrif)tive  of  an 
important  element  in  the  education  of  an 
engineer.  The  knowledge  thus  gained  was 
made  the  basis  of  a  further  (inquiry,  and  in 
order  to  elicit  further  information  a  circular 
was  sent  out  again  asking  members  to  num- 
ber in   order   of  importance   for   success   in 


engineering  the  following,  which  was  coni- 
])iled  from  the  replies  sent  in  by  tlie  1,400 
engineers  to  the  previous  circular,  as  being 
tlie  fundamental  factors  for  detniiiining  the 
success  of  young  graduates  : — 

Tahi.k  a. 

(a)  Character,    integrity,    prisi  mality. 

(b)  Self-reliance,   responsihilitx ,    pel-sever- 
ance. 

(c)  Ability  to  understand  and  handU'  men. 

(d)  Initiative,  originality,  resourcefulness. 

(e)  Judgment,   ccanmoiisense. 

(/)  Industry,  energy,   willingness  to  work. 

ig)  Technical   knowledge. 

ill)   Scientific    attitude,    reasoning    ])ower, 
open-mindedness. 

(/)  Accuracy,    care    for    detail,    tlioi'oiigli- 
ness. 

(/)   Executive  ability,   efficiency. 

(/i)  Business  training. 

{/)  Breadth   of   view,    general   education. 

(m)  Ambition,    enthusiasm,    intei'est. 

(»)  Power  of  expression. 

(o)  Morality,  ])atience,  modesty. 

(p)  Application  of  theory  to  practice. 

To  this  circular  the  i-esponse  should  be 
generous,  since  the  labour  and  thought 
involved  in  completing  it  is  reduced  to  a 
minimum,  and  the  views  of  the  profession 
as  thus  expressed  will  be  of  the  utmost 
value  to  succeeding  generations,  since  it  will 
reveal  deficiencies  in  training  and  enable 
those  responsible  to  remedy  these  as  far  as 
it  is  possible  to  do  so.  At  the  same  time, 
however,  no  college,  university  or  school 
of  instruction  of  any  kind  claims  to  perform 
the  function  of  a  universal  provider  of  the 
endowments  requisite  for  success.  What  it 
does  attem])t  is  to  assist  its  iiroteges  over 
what  is  perhaps  the  most  difficult  chapter 
of  their  life's  work. 

It  is  a  well  known  fact  that  it  is  by  no 
means  uncommon  to  find  successful  mana- 
gers and  leaders  of  industry,  whose  training 
has  been  obtained  entirely  in  works,  fac- 
tories or  mines,  and  it  will  be  a  matter  of 
great  interest  to  conqjare  the  replies  of  thf)se 
who  have  experienced  the  rough  and  tumble 
to  those  returned  by  their  contemporaries, 
who  have  enjoyed  a  colleo-e  education.  A 
knowledge  of  the  many  difficulties  which 
beset  the  former  in  tlieir  struggle  for  superior 
positions  has  generally  resulted  in  a  strong 
affirmation  of  the  benefits  to  bo  derived  from 
an  academic  training  and  indeed  active 
])articipati(jn  in  modern  chemical  industry 
makes  demands  which  cannot  be  met  with- 
out it. 
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The  college  student,  on  the  other  hand, 
>\ves  himself  the  duty  oi  lookinj:^  ahead  into 
the  future,  and,  it  possihje.  tr\iiit,'  to  dis- 
cover the  role  hi'  would  likv  to  ])lay.  Some 
are  i-apahle  of  doin«j[  this,  others  an.'  misfits 
jjrepariii^'  for  a  career  for  which  nature 
never  intcudt'd  them  hut  still  possessinj^  the 
necessary  ahility  to  meet  prcscrihed  exarii- 
ination  tests  and  other  requirements,  whilst 
lacking  at  the  same  time  that  true  mental 
perception  required  for  correct  adjustment 
to  their  proper  environment. 

Though  the  enquiry  is  heing  conducted 
for  the  betterment  of  the  conditions  as  they 
exist  at  present  in  the  universities  and 
colleges  of  America,  yet  there  is  much  that 
is  appropriate  elsewhere.  The  quickening 
and  progress  of  chemical  industry  in  Soutli 
Africa  assuredly  nnist  create  the  demand 
for  men  trained  in  chemical  engineering. 
They  will  be  called  upon  to  perform  great 
tasks,  aJid  it  will  be  their  privilege  and  duty 
to  see  that  they  are  greatly  performed. 
Self-knowledge  and  self-criticism  are  capa- 
ble of  being  forged  into  mighty  levers  of 
assistance,  and  action  will  soon  discover 
their  truth. 

The  following  references  will  be  found  of 
interest  in  connection  with  the  foregoing : — 

1.  Presidential  Addres.s  :  Society  of  Chemical 
Industry,  London,  by  Sir  G.  T.  Beilby.  Jnurnnl 
of  thv  Sorlity,  Vol.  xviii..  pp.  333-340;  Discussion, 
pp.    437-443. 

2.  The  training  and  work  of  the  Chemical 
Engineer  :  Discussion,  l<"araday  Society  :  yifl>' 
Joiiniril  nf  till  f^ochty  of  Chetniral  Indii^'fri/,  Vol. 
.\xxvi.,    March    15,    1917,'  pp.    •276-278. 

3.  A  Handbook  of  Chemical  Enginnering,  Vols. 
I  and  2,  by  Geo.  E.   Davis:    2nd  edition,  1904. 

4.  7'rmisactlon<  of  the  American  Institute  of 
Chemical  Engineers  : 

(a)  Keports     of     the     Committee     on     Chemical 
Engineering   Education  : 

Vol.  ii.,    1909.   p.    24. 

Vol.  iii..    1910,    p.    122. 

Vol.  iv..    1911,    p.    218. 

Vol.  vii.,    1914.   pp.    18  and   40. 

Vol.  ix.,    1916,   p.   23,   I't  scij. 

(b)  Kemarks  on   Chemical  Engineering.  Vol.    iii.. 
p.   151. 

(r)    Development  of  the  Chemist  as  an  Engineer, 

by  F.  W.    Atkinson,  Vol.   iii.,  p.    153. 
(fl)    The    training    of    Chemical    Engineers    which 

meets  the  requirements  of  manufacturers,  by 

M.    C.    Whitaker,    Vol.    iii.,   p.    158. 
(')    Teaching    Industrial    Chemistiy,    by    A.     H. 

Sabin,  Vol.  iii.,  p.   169. 
(/)     The      Study      of      Materials      in      Chemical 

Engineering'   bv    C.    F.    McKenna.    Vol.    iii., 

p.    108. 
(;/)    The       ¥<>uv       Year      Course      in       Chemical 

Engineering,     bv     J.     H.     James,     Vol.     iv.. 

p.    231. 


(/()  The  Question  of  1' ive  Vcar  Engineering 
Courses  at  Ohio  State  I'niverHitv,  bv  J.  U. 
Withrow,    Vol.    iv.,   p.    23H. 

(i)  A  Course  in  ('lu'inical  Enginnering  Educa- 
tion,   by    .1.    <".    OIhoh,    Vol.    iv.,    p.    250. 

{L)  The  New  Chemical  Engineering  ('ourHc  and 
Laboratorii'H  at  ('oluniljia  CniverMilv,  bv  M. 
C.   Whittaker,  Vol.   v.,  p.   150. 

(/)  'I"hc  (  lifniical  Engineer  and  Industrial 
I'lfli.  i.ii,  \ ,   l,y   W     .M.    iJooth,   Vol.  v.,  p.   184. 

The  President:  I  ;,m  perfectly  certain 
that  you  have  listened  with  the  greatest 
interest  to  this  highly  elaborate  paper  by 
Prof.  Wilkinson,  who  is  not  only  a  scientist, 
but  also  a)i  educational  expert.  He  has 
told  us  how  to  make  the  "  complete  engi- 
neer." To  me,  his  views  are  somewhat 
idealistic,  because  he  bus  suggested  equip- 
ment and  aiTangements  in  an  educational 
institution  which  even  very  few  of  the  most 
specialised  factories  and  industries  would 
ever  dream  of  installing. 

.\s  regards  the  wisdom  of  such  a  policy, 
that  is  another  nuitter;  but  1  think  he  is 
laying  out  a  i»rogranniie  which  many  peoj)le, 
no  doubt  in  their  ignorance,  hitherto  have 
failed  to  realise,  because  they  have  not 
undei*stood  the  value.  Although  he  has 
called  the  subject  of  his  jiaper  "  Chemical 
Engineering,"  that  merely  is  because  his 
bent  is  jK)ssii)ly  in  that  direction,  but  it 
applies,  to  my  mind,  equally  well  to  any 
other  branch  of  engineering  with  wL/ch  we 
in  South  Africa  have  to  deal.  He  has  also 
left  out  rather  the  producer  of  the  raw 
material.  He  deals  undoubtedly  with  the 
manufacturer  and  the  handling  of  the  pro- 
duct which  is  ])laced  in  his  hands  for  market- 
ing;  and  I  venture  the  opinion  that  all  the 
views  he  has  expressed  and  all  the  sugges- 
tions he  has  made  apply  equally  to  the 
dirty  end  of  the  job,  which  is  the  production 
of  the  raw  nuiterial. 

I,  unfortunately,  have  not  had  the  privi- 
lege of  reading  the  paper  through,  so  my 
remarks  on  it  naturally  must  be  very 
sketchy  ;  but  there  was  one  point  he  made, 
and  that  was  the  fact  fbn*^  examinations 
held  a  rather  more  prominent  position  in 
the  valuation  of  a  man  than  is  necessary. 
At  the  same  time,  he  explains  that  exam- 
inations made  in  a  more  intelligent  fashion 
are  really  a  very  highly  important  test  of 
a  man's  abilities.  He  must,  nevertheless, 
not  overlook  the  fact  that  there  is  the  old- 
fasliioned  prejudice  that  a  man  who  is  in 
possession  of  decent  examination  certificates 
is  always  known  as  a  theoretical  man.  I 
am    told    that    kind    of    prejudice    can    be 
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reniovt'd.  Exaniiualmns,  however  scien- 
titicaUy  ct  iidiit'ted.  Mill  always,  in  a  j)urely 
piactiral  district,  C'arr\  a  certain  hui.  I  do 
not  uisli  til  make  any  more  remarks  at 
present,  excejtt  to  propose  a  very  hearty 
vote  of  thanks  to  the  author  for  his  highly 
valuable  paper. 

Mr.  P.  Cazalet  'Mchihcr):  I  came  here 
to-night,  not  only  as  representing  to  a 
limited  extent  the  employer's  interest,  but 
also  as  the  father  of  growing  sons  who  may 
have  to  sit  under  Prof.  Wilkinson  or  others 
f)f  his  colleagues,  and  I  am  particularly  glad 
that  that  pui-jiose  did  bring  me,  because 
Prof.  Wilkinson's  paper  is  especially  inter- 
esting as  indicating  the  application  locally 
of  the  ideas  which  have  been  moving  people 
all  over  the  world,  towards  improving  the 
engineering  training  of  the  youth  of  all 
countries. 

I  quite  agree  with  Prof.  Wilkinson  in  the 
curriculum,  which  he  has  outlined  roughly, 
that   is   being  taught   to   boys   here ;   but   I 
would  like  to  suggest  a  danger  that  might 
happen  if  a  boy  is  attempted  to  be  made  too 
much  a  "  Jack  of  all  trades  and  master  of 
none  ";  we  must  not  expect  boys  who  are 
taught  to  become  chemical  engineers  to  be 
not  only  first-class  practical  and  theoretical 
chemists,     but     also    engineers    capable    of 
designmg   and   even  supervising  the  manu- 
facture of  their  own  plant :  I  believe  if  the 
idea  of  the  combination  of  the  two  branches 
of  engineering  is  carried  too  far  the  danger 
will    come    of    those    men    not    being    real 
experts   in   their  own   particular  line.        At 
the   same  time,    any  chemical  engineer,   to 
be   really   successful   in   chemical   manufac- 
ture,   in    this    countiy    at    least,    should,    I 
think,  have  sufficient  knowledge  of  the  other 
branches  of  engineering   to  be   able   to  see 
that  he  has  got  good  work  produced  by  the 
people  employed  to  do  his  designing  or  to 
supply  his  plant ;  I  have  hesrd  it  suggested 
and  have  read  in  papers  on  the  subject  that 
the  chemical  and  engineering  student  should 
be  made  capable  of  supervising  the  design- 
ing  and   making   of  all   this   work   himself, 
but  I  do  not  agree  with  this  view.       Prob- 
ably  the   large    i)roportion   of  the   youth   of 
any  coimtry  would  fail  either  in  the  ca])a- 
city  or  the  application  to  make   it  ])Ossible 
for  them  to  become  really  experts  in  all  the 
different  branches  of  engineering  included  in 
their  training;  and,   as  long  as  this  fact  is 
recognised,  then  the  training  of  the  chemi- 
cal engineer,   or  the  engineering  chemist — 
and  I  have  seen  subtle  distinctions  drawn 


between  the  two  where  small  difference 
seems  really  to  exist — will  be  carried  for- 
ward on  right  lines.  As  long,  that  is,  as 
those  men  are  grounded  in  all  the  different 
arts  which  may  affect  tlicir  work  and  then 
specialise  in  the  one  to  whicli  they  are  best 
suited,  they  will  have  their  best  chance  of 
success ;  and  J  am  very  glad  to  hear  that 
our  university  in  posse  is  already  catering 
so  fully  for  the  development  in  chemical 
and  other  industries  which  can  be  foreseen 
here  ill   Snutli   Africa. 

Dr.  W.  A.  Caldecott  i  I'liHt-Prcsident): 
Our  Society  is  to  be  congratulated  on  having 
presented  to  it  a  paper  on  a  subject  so 
closelj-  connected  with  tlie  development  of 
this  country's  natural  resources.  In  the 
past  in  England  systeiTiatic  training  in  tliis 
branch  of  knowledge  has  been  much  neg- 
lected, although  it  is  essential  in  chemical 
manufacturmg  and  many  other  industries, 
such  as  some  metallurgical  processes,  explo- 
sive manufacture,  and  the  soap  and  fat 
industries.  It  comprises  both  chemical  and 
mechanical  knf)wledge,  and  deals  with  the 
materials,  appliances  and  processes  involved 
in  the  conduct  of  chemical  reactions  upon 
a  commercial  scale.  Hence  its  importance 
is  great,  and  it  serves  to  enlarge  the  sco])e 
of  chemists  beyond  analytical  work,  by 
assisting  to  fit  them,  after  having  obtained 
sufficient  practical  experience,  for  the  more 
responsible  position  of  control  of  factories 
and  works.  In  the  present  stage  of  South 
Africa's  industrial  development,  as  in  otlier 
countries,  the  demand  for  men  with  such 
training  should  increase. 

As  has  been  pointed  out  b\  Sir  \\'illi;ini 
Piamsay,*  the  chemical  student  in  F.ngland 
is  "  for  the  most  part  well  taii'jlit  so  far  as 
scientific  eliemistry  is  concerned. 
But  at  the  end  of  his  four  or  five  years' 
training,  when  he  has  ])robably  graduated, 
and  has  been  awarded  a  degree,  or  a 
diploma  slioM'iiK'  tliat  he  is  an  associate  of 
the  Institute  of  Chemistry,  he  is  almost 
always  woefully  ignorant  of  the  properties 
of  the  materials  required  to  can-y  out  opera- 
tions on  a  lai'ge  scale,  which  are  perfectly 
familiar  to  him  on  the  laboratorv  scale, 
when  glass  and  porcelain  and  ])latinuni, 
water  ])umps  and  mercury  pumps  are  avail- 
able. The  most  that  can  be  expected  of 
him  is  that  he  shall  linve  a  fair  knowledge 
of  the  science,  and  that  he  shall  have  some 
notion   of   how   to   tackle    a    new    problem. 

♦Preface     to     Hroii.srnaii'.s     "  Eicmciits     of     Chemical     Engi- 
neering,   1006. 
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tlnTf  is,  lor  llic  iiKist  part  a  j^iilf  fixed 
bt'twec'M  till'  ti'ciiiiical  mid  tin-  sciciitiHc 
clu'iiiist ;  a  ;,'ulf  wliicli  our  ('mitiiu'ntal  cctm- 
prlitors  have  iiuma^'ed  to  liritl^^'i' ;  for  abroad 
it  is  l\v  no  means  infretiueiit  for  tlie  tecli- 
iiicul  chemist  to  Ijeeonu-  professor,  or  vice 
rrrsfi  :  and  works  problems  often  find  their 
■^oUitlon  in  I'niversitv  and  l'ol.\  tfchnicum 
laboratories,  wliile  tlie  faciUties  of  the  works 
uY'?  often  extended  to  the  seientitie  chemist. 
Vnd  abroad,  the  works  affird  a  trainin-,' 
school  for  scientifically  trained  chemists, 
>;uch  as  are  piact icallx  unknown  in  Enj,'- 
laiid. " 

1 1  is  hence  appropriate  that  a  forward 
step  in  this  direction  should  have  been 
pointed  out  to  us  bv  a  re])resentativc  of  the 
rniversity  of  South  Africa,  and  I  under- 
stand that  the  University  of  Cape  Town  is 
also  considerins;  a  course  of  instruction  iji 
chemical  enj^jineering. 

The  author  has  furnished  a  bibliograpliN 
f  the  somewhat  scanty  literature  on  this 
subject,  but  I  may  be  permitted  to  draw- 
special  attention  to  an  article  in  the  World's 
Work  for  January.  1010,*  and  also  to  Prof. 
F.  (i.  Donnan's  views,'  which  are  as 
fillows  : — 

"  There  were  three  Inoad  hues  upon 
which  to  train  a  man  for  future  work  in 
connection  witli  chemical  processes  in  the 
factory,  viz.  :  (1)  thorough  and  extensive 
chemical  training,  with  a  certain  amount  of 
training  in  engineering:  (2i  a  |)rctty  exten- 
sive training  in  both  chemistry  and  engi- 
neering; (3)  a  further  stiidy  of  chemistry 
for  those  who  have  received  or  are  receiving 
a  thorough  training  in  engineering.  ^lethod 
(1)  produces  the  cliemist  (research  chemist), 
method  (2)  the  engineer-chemist,  and 
tnethod  (3)  the  chemical  engineer. 
In  chemical  engineering  there  lies  the 
greatest  and  most  lucrative  field  of  develop- 
ment for  engineering  science,  and  schools 
of  chemical  engineering  should  be  founded 
without  delay." 

Although  a  society  of  Chemical  Engineers 
exists  in  the  United  States.  I  understand 
that  an  early  attempt  to  fom>  a  similar 
body  in  Engl.^nd  failed,  but  of  late  (31st 
December.  1018'  the  Societv  of  Chemical 
Industry  decided  to  form  a  Chemical  Engi- 
neering Group  for  the  special  study  of : — 

(a)  General  design  and  lay-out  of  chemi- 
cal works^ 

•See  this  is.<»iie  of  the  Jimrnal,  pp.  191-2. 

t"  Tounial  Six>ietv  of  CUtmical  Iii'lnstry,"  15th  March. 
1017,   p.   276. 
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plant  in  chemical  works. 
((•)  Operations  or  pr<K'ess  plant  in  «l 
cal    works    (the   i;|)frMtion   or   pi'  ■ 
not     necessarily     involving    chemical 
change;. 
(</)  Plant    for   carrying    out    chemical    re- 
actions. 
{c)  Special    i)lant    for    primary    chemical 
industries  (/.»•.,  for  the  direct  utiliza- 
tion  of  luitural  raw  mjiterials). 
(/)   Spi'cial    plant    f<;r   secondary    chemical 
industries  (/.r.,   for  the  utilization  of 
artificial  raw  materials i. 
ig)   Professional    and    miscellaneous    mut- 
ters. 
While  the  chemical  engineer  of  the  future 
may  be  a  chemist  with  sf)me  knowledge  of 
engineering,    or    vice    rerun,    I    think    both 
types  will  exist,  hut  that  radical  advance  is 
more  likely  to  be  expected  from  the  former, 
fXcelPent   though  the   latter  may   be  for  the 
routine  conduct  of  operations.      Apart  from 
the    knowledge    gained,    the    introduction    r»f 
trnining    in    a    chemical    encrineering    labora- 
tory, as  outliTied  by  the  author,  should  have 
a   most  desirable  effect   in   Itridging  the  gap 
between  theory  and  practice,  and  in  enlarg- 
ing  the   mental   attitude  of  the   student    by 
rendering    him    able    to    think    in    hundred- 
weights  and   tons   as   well   as   in    milligrams 
and   grams,   and   likewise   to  realise   that   a 
simjile  fjperation  in  the  laboratory  may  call 
for     entirely     different     ajjparatus,     varied 
^iccording  to  conditions,   to  ensure   efficient 
and  economical  work   under  practical   large 
scale  conditions. 

Another  very  useful  function  which  the 
chemical  engineering  laboratory  suggested 
by  the  author  would  serve  is  in  the  investi- 
gation of  the  projierties  and  products  of 
comp-'ratively  large  parcels  of  raw  mater- 
ials, such  as  natural  crude  saline  mixtures, 
and  vegetable  products  yieldin"  dyes,  drugs 
or  tanning  extracts.  Just  as  various  metal- 
lurgical investigations  have  been  carried  out 
in  the  metallurgical  testing  plant  of  the 
S..\.  School  of  Mines,  so  a  chemical  engi- 
neering laboratory  would  serve  to  determine 
the  applicability  of  standard  or  proposed 
manufacturing  processes  to  many  South 
African  raw  materials,  and  the  results 
obtained  and  observations  made  during  the 
test  would  go  far  to  ensure  the  appropriate 
design  and  operation  of  plant  subsequently 
erected  in  a  factory. 

Such  work  would  give  concrete  evidence 
of  the  value  of  investigation  or  research  by 
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laeu  with  si-ieiitirtf  tiainiiiLr.  and  ln!|>  tlnis 
to  demonstrate  to  those  tiiianciallv  enj^'aii^ed 
in  industrial  enterjn-ises  tliat  future  i)rogress 
calls  for  such  inducements  being  offered  as 
will  serve  to  attract  yomig  men  of  cai>acit,v 
and  energy  to  undergo  the  necessary  train- 
ing  for  this   work.        .\t   the   })rcsent    time. 


apart  IVdui  the  gold  mining  comn'inics,  (he 
remuneration  to  sciiMititic  and  tccluiical  men 
in  S;Hith  Africa  is  rarely  such  as  to  he 
attractive,  when  compared  \\ith  the 
matcM-ial  rewards  ol)tainai)le  by  other  careers 
in  lite. 


NOTES    ON    ECONOMIES    IX    HAND    DIJILL    STEEL. 


Bv  H.    A.   Ek.vi)   (.Member). 


The  following  table  shows  tlu^  average 
number  oi  natives  employed  on.  the  Wit- 
watersrand  in  hand  drilling,  the  issues  and 
value  ot  hand  drill  steel,  etc.— 


.\vi'rage 
No.    of 
latives 
working 

Report 

Issues 
per 

Tot  Ml 

Value 
per  native 

Year. 

Is^ues    of 
Steel, 

native 

per 
annuiii 

A  iilui; 

per 
aimuiii. 

lb( 

lbs. 
101 

60,027 

s.     d. 

1913     ... 

43,93-2 

4.452  150 

27     4 

1914     ... 

3S,.i7l' 

3. 991.  no  1 

1(13 

53.3.i(t 

27     8 

1915     ... 

49,14(1 

4.5.38,676 

92 

64,767 

26     4 

1916     ... 

o4,941 

4,»U8,323 

(.■) 

75,697 

27     7 

1917     .. 

41,S36 

■2,514,158 

60 

56,409 

'27     0 

Tola's  iV: 
.\vi>rii,'e> 

45,684 

19,514,368 

86 

3 10, -250 

27     2 

It  will  be  noted  from  the  above  tluU 
during  1917  considerable  economy  was 
effected,  due  probably  to  the  greater  care 
paid  to  the  conservation  of  steel  and  the 
welding  up  of  short  ends. 

Consideration  of  the  1  (rge  sums  involved 
in  these  issues  of  steel  led  to  examination 
of  the  losses,  which  are  hereafter  i-eferred 
to  in  detail. 

It  ajjpeart'd  that  one  of  the  j)rincipal 
losses  was  due  to  the  shankin'j;  of  the  steel 
under  the  blows  of  the  hammer,  and  this 
in  turn  led  to  the  conclusion  that  if  shank- 
ing losses  could  be  prevented  by  means  of 
a  permanejit  diill  head  an  appreciable 
economy  would  thus  bi'  effected.  .\fter 
some  experimenting  the  solution  of  tlie 
problem  was  fVamd,  as  it  was  ascertained 
that  by  heating  the  end  of  the  drill  and 
staving  it  u|)  (either  by  means  of  a  die  and 
dolly  in  a  Leyner  Press  or  by  hand)  so  as 
to  give  the  head  of  the  drill  a  buUifius  or 
])ear  shape  and  subsequentlv  tenijiering  it, 
the  drill  would  be  provided  with  a  head 
capable  of  resisting  hammci'  blows  without 
shankin". 


The  (]Utstion  will  be  asked  wliy  tlic 
nmv  fofm  ot  drill  head  stands  \\\)  to  the 
work.  Tilt'  t^x])lanation  appears  to  lie  in 
the  fact  that  the  head  is  so  staved-u))  that 
the  least  ))ossibU>  disturbance  is  created  in 
the  first  instance  in  the  molecidar  formation 
of  the  steel.  Cori'cct  draw  tempering  then 
(dothes  the  bulbous  shaped  head  with  a  fine 
coating  of  hai'd  tempered  steel — ])robably  not 
much  more  tlnui  !  K)  in.  thick,  below  which 
is  a  body  of  lower  tem|)ered  steel.  This 
bod}'  of  lower  tempered  metal  (increased 
as  it  is  beyond  the  original  section  oi  th(> 
drill)  provides  a  re-inforcement  wliieli 
prevents  tlie  disturbance  and  disintegrati<^n 
of  the  molecules  of  metal  which  otherwise 
take  place  under  impact  of  the  hanmier. 

A  sketch  (-f  the  die  :'nd  dolly  used  with 
the   Leyner   Press  to  make  the  new  ty]K'  of 


-Die  and   Doi.i.y. 
drill    is    reproduced    (Fig.    1),    also    a    rough 
sketch  of  the  tools  for  use  with  the  steam 
hammer,  and  for  hand  finishing. 
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']"lit>   ;iil\aii(ai,U"S  cl'  tln'   iH'W    Ini'in   ot   di-ill 
ln'iid   iUc  as  follows  : 

(  1)    Tlu'  savinj:;  of  stcrl  l)y  provonliiip  c-nisli- 
iiiU   or    "  imisliiconiiiiL;  "    <:f   tlic    sliaiik 

011(1. 

(2)    Kliininatioii    of    daiimT    to    natives,    as 
there    are    do    ^plintei's   or  ja';t,n'(l    t'lids. 
.'!)     IniprovcMl   drillintj;,   as  the   natives  have 
a    uniform    tempered    surface    to   sti'ike, 
and     the    ener^'v     liitherto    absorbed    in 
shaid<in'4    is    di\eitcd    to    the    work    of 
drilling. 
(4)     Improved    eontrol    of    steel.      The    diill 
heads   are   praetieallv    ))ermanent,    and, 
as   the    starter   lieeonies   too   sh.ort,    tin- 
permanent   heads   can   In    weldrd  on   to 
other  steel. 
There     would     l)e     no     exeuse     f<ir    these 
sliaped    drill    heads    to    he    found    lying 
about.      .\     mine    once     fully    equipped 
should     re(|uiie    enough     steel    only     to 
make  good  the   bona   fidr  wear  thro\igh 
drilling  and  sliari)enin.r. 
"i)    The    drill    instead    of    being    a    ragged- 
ended    pieee    of   steel    becomes   a    work- 
maidike    tool    well    suited    for    the    jol) 
which   it  has  to  perfonn. 
it>)    The   cost  of   trimming   up   and   periodic 
i-etempering  of  the  old  form  of  drill  by 
lead  bath  or  other  method  (where  such 
is   the  i)ractice)   is  saved. 
I  shall  allude  later  in  some  detail  to  the 
results   of   the    exjieriments    tried    with    this 
drill,    but    for   the    moment    will    ])ass    to    a 
l)rief  examination  of  steel  consum))tion  and 
losses. 

The  consumption  of  stetd   may   be   classi- 
fied under  the  following  heads:  — 

(a)  Steel  actually  worn  away  in  process  of 
drilling  and  lest  in  sharpening. 

(b)  Steel   worn   away  by  hammer  blows  on 
the  shanks  or  heads  of  the  drills. 

(c)  Short  ends  discarded. 

(d)  Drills  lost  in  the  mines. 

l^raling  with  these  losses  in  rotation:  — 


I  ;i  I      ,'itiii         iiiiill        iiiiiiij        III        iliiiiiiiii        mid 

xliiHIHiiinij. 
This  is  a  lf<,'it imale  ci<nsutnpti(>ii.  Tliu 
rate  of  l(jss  depi-nds  upon  the  system  of 
sharpening  used  (hand  or  rnaehiije)  and 
even,  in  the  latter  case,  on  the  type  of 
sluirpening  muchine  used.  The  dett-rminn- 
tion  of  the  respective  losses  in  sharpening 
by  hand  and  by  difTerent  types  of  machines 
is  a  mutter  requiring  further  investigation. 

(b)  Steel   tram   away   hij  himtncr  blown. 
The    ten<lency    is    for   steel    to    crush    or 

"  mushr(!om  "  under  the  impact  of  the 
hammer.  X'arious  mi-thods  of  tempering 
have  been  tried  for  years  past,  but  th(t 
general  eNjx-rieiice  seems  to  have  been  that 
teniper<-(l  drills  are  incdined  to  splinter,  and 
are  promptly  discarded  by  the  natives  owing 
to  risk  of  injury.  Manufacturers  have  also 
tried  in  the  past  to  solve  this  dithcnlty  and 
special  tempered  steel  cut  to  j)roiter  lengths 
has  been  imjiorted,  but  without  success. 

(c)  Short    ends  disrardrd. 

As  the  drills  gradually  wear  down  they 
become  too  short  to  use  even  us  starters. 
A  very  considerable  quantity  of  short  ends 
has  in  tlie  past  been  discarded,  and  although 
latterly  the  ti'ndeney  has  been  to  economise 
by  welding  up  these  short  ends — it  is  ques- 
tionable whether  this  economy  has  been 
adopted  to  the  fullest  possible  extent. 

(d)  Lost   /)/7//.s. 

In  the  absence  of  systematic  control  a 
considerable  amranit  of  steel  is  liable  to  be 
lest.  For  this  tliere  is  no  justification. 
Control  of  :  11  hand  drill  steel  can  be  secured 
by  the  adoptif.n  of  steel  cabins  uiiderground 
and  of  means  fnr  interlocking  with  the  time- 
keej)ing  system  by  which  reference  to  a 
native's  t'cket  discloi-e^  whether  he  has 
received  his  jumpers,  and  whether  he  has 
returned  them.  The  native's  ticket  is 
punched  when  he  is  given  his  jumpers,  and 
again  punched  when  he  brings  them  back. 
In  the  alisence  of  the  second  punch-hole  he 
is 'refused  steel  the  following  shift  and  must 
find  the  drills  he  has  lost.  This  system  is 
described  in  detail   later. 

Attaclied  (.Vmiexures  "  A  "  and  "  B  "> 
will  be  foimd  i)articulars  of  certain  experi- 
ments which  have  recently  been  conducted 
at  the  Fen-eira  Deep,  Limited,  and  East 
Rand  Proprietary  Mines,  Limited,  with 
the  improved  form  of  drill  head. 

The    salient    points    of    the    experiments 
refen-ed  to  are  as  follows  :  — 
(L)  Fcrreira  Deep,  Limited. 

The  drilling  and  sharpening  losses  per  set 
r>f     three     drills     (hand     sharpened)     were 
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obsorvetl  to  he  0*737  11).  per  set  of  three 
drills  in  o4  shifts,  or  0'73  lb.  per  set  for  312 
shifts. 

The  loss  through  "  mushrooming  "  or 
crushing  of  steel  was  rO"27  lb.  per  set  of 
three  drills  in  34  shifts,  or  sav,  17-?;  lb.  per 
set  for  .312  shifts. 

(II.)  East  Rand  Froprictartj  MiiitK,  Limited. 
— Firs t  Erp c ri mcnt :  — 

The  drilling  and  sharpening  losses  per  set 
of  four  drills  (hand  sharpened)  were 
obsened  to  be  I'oG  lb.  in  24  workinc;  shifts, 
equal  to  20-28  lb.  per  312  shifts. 

The  loss  through  "  mushrooming  "  was 
2*04  lb  per  set  of  four  drills  in  24  working 
shifts,  equal  to  26*52  lb.  per  set  per  312 
shifts. 

(III.)  EaH  Band  Pmpricianj  Miucf,  Ltd. 
— Second  Experiment :  — 

The  drilling  and  sharpening  losses  per  set 
of  three  drills  (Challenge  machine  sharpen- 
ing) M^ere  observed  to  be  0*822  lb.  in  12 
shifts,  or  21*372  lb.  per  set  in  312  shifts. 

The  loss  through  "  mushrooming  "  was 
0*578  lb.,  in  12  shifts  equal  to  15  lb.  per 
set  per  312  shifts. 

The  average  losses  disclosed  by  the  East 
liand  Proprietary  Mines,  Limited,  experi- 
ments give  the  following  approximate 
figures  : 

Steel  actuallj'  used  in  drilling  and 
lost  in  sharpening — per  boy  per 
annum  ...  ...  ...  20  lb. 

Xote — In  the  first  experiment  hand 
sharpening  was  used  —  in  the 
second,  machine.  The  above 
figure  represents   the   average. 

Steel  lost  through  crushing  or 
"  mushrooming  "  of  shank  end 
— per  bo}'  per  annum...  ...  201b. 

The  discrepancy  between  these  figures 
and  those  disclosed  by  the  Ferreira  Deep, 
Limited,  experiments  points  to  the  desirabi- 
lity of  further  trials  under  close  and  scien- 
tific observation.  It  will  be  noted,  however, 
that  the  Ferreira  Deep  figure  of  18  lb.  of 
steel  lost  through  "  mushrooming  "  corre- 
sponds very  closely  with  the  East  Piand 
figure  of  20  lb. 

The  losses  disclosed  by  these  experiments 
show  that  whilst  the  sharpening  and  drilling 
losses  on  the  bit  end,  bntli  with  the  old  and 
new  types  of  drill  are  practically  constant, 
the  experimental  sets  of  jumpers  with  the 
new  form  of  drill  head  disclosed  practically 
no  loss  through  "mushrooming."  In  the 
first  experiment  at  the  East  Rand,  it  is 
true  a  loss  of  1*1  in.  per  set  of  driUs  was 
disclosed,  but  this  was  due  to  the  flattening 


of  the  crowns.  In  the  second  experiment, 
the  same  drills  being  used,  tlie  loss  per  set 
of  three  drills  in  12  shifts  was  0*12  in. 

It  should  be  mentioned  that  the  equality 
of  losses  disclosed  by  the  East  Rand  experi- 
ments was  not  borne  out  by  observations 
some  years  ago  when  experiments  in  com- 
parative losses  led  to  the  conclusion  that 
the  losses  through  "  mushrooming  "  were 
double  those  caused  by  drilling  and  sharpen- 
ing. 

Apart   from   tlie  other  advantages  of  the 
new  drill  previously  referred  to  the  saving 
of  steel  by  prevention  of  "  mushrooming  " 
onh*  maj-  be  expressed  as  follows:  — 
Inches  of  steel  per  native  per  aninnn 

(312  shifts)  ...  ...  ...   103  in. 

rounds     of     steel     per     native     per 
annum    calculated    at    3*  11    oz. 
per   in.  ...  ...  ...    20  lb. 

Value  of  steel  per  native  per  annum 

at  4i^-d.  per  lb.  ...  ...  7s.  6d. 

Assviming  an  average  of  45,000  natives 
drilling  (the  five  years'  average  is  45,684), 
it  will  be  seen  that  the  saving  is  estimated 
to  be  386,250  ft.  of  steel  per  annum,  equal 
to,  say,  73  miles,  or  450  short  tons,  valued 
at  4id.  per  lb.,  and  representing  £16,875 
sterling.  The  api^lication  of  these  figures  to 
those  given  in  the  opening  paragraph  leads 
to  somewhat  startling  comparisons  between 
the  %^eight  and  value  of  steel  issued  and  the 
amount  which  is  consumed  bona  fide  in  the 
processes  of  drilling  and  sharpening  (vide 
Annexure  "  C") 

The  deductions  to  be  drawn  from  those 
figures  are  as  follows:  — 

(1)  In  five  years  the  Eand  Companies 
have  issued  9,757  tons  of  drill  steel,  valued 
at  £310,250. 

(2)  Of  this  about  2,284  tons,  valued  at 
£75,655,  liave  been  used  in  drilling  or  have 
been  lost  in  sharpening,  in  addition  to  which 
a  further  2,284  tons',  valued  at  £75,655 
have  been  crushed  up  owing  to  there  having 
been  no  means  to  prevent  it. 

(3)  The  balance,  viz.,  5,189  tons,  valued 
at  £158,940,  has  either  been  added  to  mine 
stocks  on  hand  at  the  beginning  of  the 
period  selected,  or  has  been  used  for  other 
purposes  or  has  been  lost. 

The  Xew  Kleinfontein  Company,  Limited, 
has  had  the  whole  mine  equipped  for  several 
months  past  with  the  new  type  of  drill. 
The  new  drills  are  apparently  standing  up 
well  to  their  work  and  give  no  trouble.  The 
natives  prefer  them  to  the  old  form. 
Different  varieties  of  steel  require  slightly 
different    tempering.     Tliis    is    a    matter  <?f 
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rxporiiiJi'iit  ousily  adjusted  lj_\  sliop  lorciiu'ii. 
Tho  tupcrod  form  of  the  now  drdl  head 
provents  the  iuiti\('s  from  striking;  the  di'ill 
to  loosen  it  should  it  stiek  or  Hteher.  It 
has  been  found  thai  a  simple  form  of 
extraetor  is  drsirahie.  One  <jr  tu<>  In  lacli 
stope  are  found  to  he  sutlieieiit. 

Ef^iricncif. — It  may  he  reasonaijiy  ar;4Ui'd 
that  if  it  be  possible  to  savt'  the  smashing,' 
up  of  7.'{  miles  of  steel  per  amnnn,  the 
energy  conserved  should  he  reflected  in 
inerease<l  drilling  inches.  On  the  basis  of 
paying  1').000  natives  0'65d.  per  inch,  an 
increase  of  1  in.  per  boy  per  day  would  mean 
an  iu'Mvase  in  the  annual  wages  hill  of  the 
Witwatersrand  of  1:38,000.  that  is  to  say, 
the  industry  is  willing  to  pay  that  amount 
for  the  extra  I  in.  Assuming  the  figure  of 
30  in.  ])er  diom  as  the  average  drilling 
eflicieney  on  the  Witwatersrand.  an  extra 
1  Ml.  per  diem  represents  2.\"'  only  increase 
in  ettieiency. 

From  this  it  follows  tliat  the  direct 
saving  in  steel  hitherto  broken  up  in  the 
process  of  drilling  is  less  in  value  to  the 
mine**  than  an  increase  of  l^%,  or  I  in. 
per  shift  in  efficiency.  Assuming  45,000 
natives  drilling,  this  small  increase  would 
represent  work  for  which  at  0'65d.  per  inch, 
the  mines  would  be  willing  to  pay  £19.000 
per  annum.  This  amount  naturally  does 
not  express  the  full  value  to  the  mines  of 
the  extra  work  done — profit  on  the  extra 
work  would  have  to  be  taken  into  considera- 
tion. 

Expressed  in  tonnage,  and  assuming  the 
average  efficiency  of  the  fields  to  be  O'T.j 
tons  per  native  per  shift,  or  234  tons  per 
native  per  312  shifts,  an  increase  of  l}% 
only  would  be  equal  to  2 "92  tons  per  native 
per  annum,  or  131,400  additional  tons  per 
annum  for  45,000  natives.  The  figures,  if 
this  efficiency  could  be  increased,  are 
interesting  :  — 

1  in.    extra,   or  2i"     increase    would   mean 

262,800  extra  tons  per  annum. 
U   in.   extra,   or  3f^/   increase  would  mean 
394,200   extra   tons  per   annum. 

2  in.    extra,    or    5%    increase    would    mean 

525,600  extra  tons  per  annum. 
This  is  a  purely  arbitrary  calculation,  as 
it  can  be  argued  and,  indeed,  demonstrated 
that  under  certain  conditions  the  extra  ton- 
nage broken  by  blasting  a  hole  42  in.  deep 
compared  with  that  from  a  hole  39  in.  deep 
would  exceed  considerably  the  figure  result- 
ing from  applying  the  arithmetical  ratio  of 
the  respective  inches  drilled. 


U  n»ay  1)0  argued  lliuL  even  with  mon- 
erticient  means  u  native  will  do  no  better 
drilling;  that  ho  is  accustomed  to  stop  when 
he  has  drilled  a  given  number  of  inehes. 
This  argument  unist  be  accepted  with  some 
reserve.  A  test  taken  over  7,r»lH  hanmior 
boys  working  on  one  day  disclosed  the  fact 
that  whereas  the  average  efficiency  was 
39*7  in.  drilled,  40  '  of  the  total  number  of 
natives  testfd  hn<l  <lrilled  less  than  the 
average,  whilst  a  considerable  nund)»'r  of 
experienced  natives  liad  drilled  considerably 
more.  It  will  probably  be  found  that  with 
improved  mi-ans  the  inefficient  natives  will 
dj'iU  a  little  more;  the  natives  accustomed 
to  drill  about  the  average  may  not  do  very 
much  more,  and  thos(^  natives  who  are 
accustomed  to  drill  well  above  the  average 
will  continue  to  do  so  with  improving 
efficiency.  A  boy  who  is  accustomed  to 
drill  48  in.  and  upwards  usually  has  s<^>m« 
incentive  to  do  as  much  as  he  can,  such  as 
the   paying  off  of  an   advance   for  cattle. 

Experiments  have  been  conducted  to 
demonstrate  tluit  increased  efficiency  would 
be  obtained,  and,  on  Annexure  "  D  "  details 
are  given  of  some  experiments  at  the 
Ferreira  Deep,  Limited,  in  which  very 
marked  increases  in  efficiency  were  demon- 
strated. At  the  New  Kleinfontein  Company 
also  the  fii'st  effect  of  the  drills  seemed  to 
be  to  increase  considerably  the  efficiency  of 
the  hand  drilling  in  the  Apex  Section,  but 
the  Company  has  so  far  been  unable  to 
satisfy  itself  as  to  the  accuracy  of  its  obser- 
vations on  this  point.  Some  indication  of 
the  results  obtained  are  given  in  a  letter 
from  the  New  Kleinfontein  Company,  dated 
3rd  January-,  1919,  of  which  a  copy  is 
attached  (Annexure  "  E  "). 

It  will  be  observed  that  in  the  East  Rand 
experiments,  whereas  the  first  series  dis- 
closed a  slight  increase  in  efficiency,  the 
second  showed  a  decrease,  but  it  must  be 
admitted  that  these  experiments  were  con- 
ducted over  a  very  short  period  with  a  small 
number  of  drills  only — slight  variations  in 
hardness  of  ground  from  day  to  day  must 
be  taken  into  account. 

The  experiments  at  the  Fen^eira  Deep 
were  ven'  carefully  conducted,  and  the 
results  were  borne  out  by  a  furtlier  inde- 
pendent }.  reliminai'y  trial  at  the  Xew  Klein- 
fontein which  demonstrated  an  average 
increase  in  efficiency  of  about  30"  .  It  was 
as  a  result  of  these  trials  that  the  New 
Kleinfontein  Company  decided  to  instal  the 
nevv-  form  of  drill  throughout  its  mine. 
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A  fintlier  point  of  interest  is  referred  to 
by  the  New  Kleinfontein  Company,  viz., 
the  increased  wear  on  hammers  and 
eonse  |uent  consumption  of  hammers 
induced  by  the  permanent  head  of  tlie  drill. 
At  the  Ferreira  Deep.  Limited,  where  the 
new  drill  heads  ha\e  been  installed  for  some 
months  past,  tht-re  has,  lunvi-ver.  been  a 
reduction  in  the  issues  of  hammers  during 
tiie  last  j(>ur  montlis  of  last  year.  It  is 
possible  that  the  increased  issues  of 
hammers  at  the  New  Kleinfontein  may  be 
due  to  other  causes.  If  old  hammers  have 
been  made  uji  or  if  faced  hammers  have 
been  used  tli-'  infi-.M-^.-d  \\i;ir  may  be 
accounted  for. 

The  importaiKe  to  the  \\  itualersrand  of 
increased  drilling  efficiency  appears  to 
warrant  a  more  extended  experiment  under 
accurate  observation. 

Another  direction  in  which  further  experi- 
ments are  worth  considei'ing  is  the  adoption 
of  a  tinted  form  of  steel.  Steel  of  this  type 
weighs  about  12i/'  less  than  solid  steel  and 
caiTies  the  new  form  of  drill  head  without 
dirticulty.  It  sludges  more  easily  and  the 
inertia  to  be  overcome  by  the  hammer  blows 
would  be  l'2h/:  less  than  the  solid  form  of 
drill.  Tliis  should  tend  to  greater  drilling 
efficiency.  The  present  stocks  of  solid  steel 
could  probabh'  be  fluted  at  small  expense. 

Other  experiments  might  with  advantage 
be  directed  to  investigating  the  best  weight 
and  shape  of  hammer. 

It  may  be  observed  that  if  the  new  heads, 
owing  to  faulty  tempermg  of  steel,  get  out 
of  shape,  they  can  be  easily  trimmed  into 
shape  with  an  emery  wheel,  or,  if  necessai-y, 
made  up  again  at  small  cost. 

A  further  point  worthy  of  mention 
is  the  elimination  of  accidents  due  to 
splinters  of  steel.  Injuries  to  the  hands  of 
native  drillers  from  steel  splinters  or  frag- 
ments knocked  off  the  drills  are  of  frequent 
fK-currence,  in  addition  to  which  the  loss  of 
an  eye  often  happens.  The  compensation 
paid  and  loss  of  shifts  from  these  accidents 
would  be  found  to  amount  to  a  considerable 
sum  ainuially.  The  new  foi-m  of  drill  head 
will  clearly  reduce  such  accidents  and  losses 
to  a  minimum  if  not  eliminate  them 
entirely.  The  native  will  no  longer  have  to 
swathe  his  hands  in  bandages  to  hold  the 
drill  in  position. 

.\s  previously  stated,  tlic  iiiaiiiifactinv 
of  the  new  h.nn  of  drill  iiead  can 
be    effected     in     a     Leyner    press     with     a 


simple  die  :ind  dollx  in  i:ne  lieat,  and  the 
drills  ean  be  made  up  at  the  rati-  of  500  per 
diem.  There  is  no  difficulty  in  providing 
suitable  dies  and  dollies  for  meeting  the  case 
of  smaller  mines  where  it  would  be  neces- 
sary to  make  u])  the  drills  by  hand,  or  (if 
available)  mider  a  steam  hannntM'.  The 
tempering  is  liy  ordinary  metliods,  varying 
slightly  with  dii^'eri'iit  classes  of  steel,  and 
is  easily  demonstrated.  The  cost  of  tlie 
Leyner  press  die  and  dolly  is  i'r2  10s. 

The  conclusions  to  be  derived  from  these 
experiments  may  be  summarised  briefly  as 
follows  :  — 

1.  Tluit  the  loss  of  steel  hitlii'i'to  sustained! 
by  the  mines  througli  mushrooming  (jr 
crushing  can  be  entirely  prevented  by  the 
new  permanent  head. 

2.  That  a  simple  system  of  sti-eb  control 
can  be  introduced  which  will  eliminate  the 
heavy  lf;sses  of  hand  drill  steel  from  cause-; 
other  than  fair  and  ])ioper  wear  and  tear. 

3.  That  tlie  consumption  of  hand  drill 
steel  can  tiien  be  reduced  to  the  amoimt  oA 
steel  actually  used  in  the  processes  of  drill- 
ing and  sharpening. 

4.  That  accidents  and  lest  shifts  hitherto 
caused  by  splintering  of  drills  can  be  prac- 
tically eliminated  by  use  of  the  permanent 
head. 

T).  That  there  is  evidence  of  an  appreci- 
able improvement  in  efficiency  when  using 
the  permanent  drill  head  as  the  energy 
hitherto  absorbed  in  the  crushing  up  or 
mushrcoming  of  tlie  shank  is  available  for 
drilling. 

6.  That  the  importance  of  the  foregoing 
to  the  mining  industry  lies  in  the  fact  that 
the  work  of  a  very  large  body  of  natives 
(averaging  45,000  per  annum)  is  beneficially 
affected. 

7.  That  there  is  a  field  for  further  investi- 
gation on  the  following  points:  — 

(a)  The  relative  losses  of  st-eel  in  different 
methods  of  sharpening  and  determina- 
tion of  which  is  the  best  method. 

(b)  The  possibility  of  further  improving 
efficiency  by  fluting  the  existing  stock;? 
of  drills  and  incidentally  the  maximum 
amount  of  fluting  economically  possil)le.- 

(e)    The      con-ect      weight     and      shape     of 
hammer  for  use  in  haiul  drilling, 
llei-einulei'  will  be   toinid  two   illustrations 
shr.wing    the     pernumeiit     beads     for    nati\e 
hand-drills : — 
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A. — New  tvpe  of  liaiicl  diill  made  at  tlie 
Forreira  Deep,  Limited,  u^ed  on  alternate 
working  days   for  about   eight  months. 

B. — Set  of  tluee  drills  of  new  tvpe  used 
at  the  East  Kand  Proi)rietarv  .Mines, 
Limited,  for  30  shifts. 

C. — Set  of  three  control  drills  of  tlie  usual 
l\|)e,  used  at  the  East  Kand  Proprietary 
Mines,    Limited,  for  80  shifts. 

XoTK. — The  wear  on  the  ordinary  drills 
rompared  with  the  new  will  be  noted  by 
comparing  the  long,  middle  and  starter 
drills  of  each  set.  All  the  drills  of  this  set 
were  originally  ap[n-oximately  the  same 
length  as  those  shown  in  set  \\.  'ihe  Ics^ 
of  steel  through  crushing  or  "  nnishroom- 
ing  "  of  the  shank  end  (set  C)  in  these 
experiments  was  at  the  rate  of  ajiproxi- 
mately  20  lbs.  of  steel  per  native  per  amunn 
(312  shifts).  In  sot  ^^  the  loss  was  prac- 
ticallv  nil. 
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D. — Two  specimens  of  the  new  type  of 
drill  after  considerable  use  at  the  East 
Kand    Proprietary    Klines,    Limited. 

E. — New  type  of  drill  of  tinted  steel  in 
r-onstant  use  at  the  Ferreira  Deep,  Eimited, 
lor  approximately  eight  months. 


F. — Two  spocinieUK  of  tin*  usual  type  of 
drill  showing  "  UMishrooruing  "  of  shank. 

G. — New  type  of  (hill  from  Ferreirn  Deep, 
Liiuitcd,  showing  slightly  increased  crown. 

11.     Fjxlractor. 

I  have  referred  previously  to  u  system  of 
-ti'cl  control,  and  as  it  is  cognate  to  my 
nliject,  I  am  able,  thaidis  to  the  courtesy 
•  t  Mr.  Paul  Selby.  of  the  Ferreira  Deejt, 
Limited,  io  give  a  brief  descripti(jn  of  the 
>\steni  in  use  on  that  mine. 

\{  convenient  levels  rough  cabins  are  con- 
structetl  of  split  laggings  consisting  of  two 
compartments,  one  for  blunt  steel,  the  other 
for  sharp  steel.  .\  passage  having  a  stout 
door  at  either  end  passes  in  front  of  and 
provides  access  to  either  compartment. 
Each  door  is  provided  with  padlocks.  Each 
c-abin  is  in  charge  of  two  j)olice  br)ys,  one 
on  duty  from  T)  a.m.  to  12  noon,  tin;  other 
from  12  noon  to  8  i).m.  The  police  boys 
are  provided  with  punches  of  a  different  type 
for  each  cabin.  With  these  punches  the 
natives'  tickets  are  punched,  as  the  native 
receives  or  returns  his  steel,  thus  enabling 
the  mine  authorities  to  see  at  which  cabin 
the  native  gets  his  steel  and  to  which  cabin 
he  returns  it.  The  natives  are  allowed  to 
take  and  deliver  their  steel  at  whichever 
cabin  best  suits  them.  Each  punch  is  pro- 
vided with  a  small  box  into  which  ihe 
punched  portion  of  the  ticket  falls.  F^.ach 
j)unch  portion  represents  a  set  of  three  drills. 
The  punched  portions  are  counted  at  the 
end  of  each  morning  shift,  so  that  the  num- 
ber of  drills  taken  from  each  cal)in  can  be 
re]daced  that  afternoon  or  evening. 

The  police  boy  on  morning  shift  spends 
his  time,  after  delivery  to  the  drilling  gangs 
is  completed,  in  going  round  the  mine 
collecting  any  steel  he  may  be  able  to  find. 
The  police  boy  on  afternoon  shift  completes 
liis  work  by  packing  in  the  trailers  for 
transfer  to  the  surface  the  blunt  steel 
collected  that  aftemoou,  placing  in  the 
cabin  the  sharpened  steel  sent  down  that 
afternoon  to  replace  the  quantity  issued  that 
morning. 

Every  F'riday  tlio  number  of  drills  left  in 
each  cabin  after  the  morning  issue  is 
counted  and  added  to  the  number  issued 
plus  the  number  sent  to  the  surface  the 
previous  day.  In  this  way  a  check  is 
obtained  on  ihe  steel  lost  and  in  circulation 
everv  week. 
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The  police  boys  in  charge  of  the  cabins 
are  under  the  control  of  the  compound 
manager,  and  are  responsible  for  giving  him 
timely  warning  if  the  quantity  of  steel  is 
getting  short,  or  if  the  steel  itself  is  getting 
short  in  lengths.  The  only  other  official 
who  has  any  control  over  the  police  boys  in 
question  is  the  underground  native  superin- 
tendent 

The  compound  manager  possesses  a 
master  punch,  and  any  boy  going  on 
hammers  for  the  first  time  gets  his  previous 
day's  ticket  punched  with  this,  which 
enables  him  to  obtain  his  first  set  of  steel. 

The  effectiveness  of  this  method  of.  control 
may  be  gauged  when  it  can  be  stated  that 
no  new  steel  has  been  issued  from  the  mine 
stoi'e  since  its  introduction. 

yiy  acknowledgments  are  due  to  Mr.  Paul 
Selby,  manager  of  the  Ferreira  Deep, 
Limited,  and  to  ^Ir.  A.  H.  Krynauw,  of  the 
East  Eand  Proprietary  ]Mines,  Limited,  for 
their  courtesy   in  facilitating  experiments. 
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The  total  loss  on  six  starters,  five  middle 
drills  and  seven  long  drills  in  34  shifts 
(ascertained  by  measuring  from  the  punch 
mark  to  the  bit  end  of  the  drill)  was  found 
to  be  22J  in.  The  loss,  therefore,  in  312 
shifts  would  have  been  208f  in. 

Taking  the  average  weight  of  steel  at 
3'11  oz.  per  inch  of  steel,  the  total  weight 
lost  for  18  drills  in  312  shifts  was,  there- 
fore, 40'6  lb.,  and  the  loss  per  set  of  three 
drills  approximately  6'75  lb. 

The  losses  at  the  shank  end,  due  to 
crushing  or  "  mushrooming  "  were  ascer- 
tained in  respect  of  six  starters,  five  middle 
drills  and  seven  long  dnlls,  and  were  found 
to  be  59  1/5  in.  in  34  shifts,  equal  to  a 
loss  of  543}  in.,  in  312  shifts,  or  at  3-11  oz. 
per  inch  105-6  lb.  of  steel.  The  loss  in 
respect  of  three  drills  may,  therefore,  be 
calculated  as  17-6  lb.  per  312  shifts. 

The  experiments  with  the  new  type  of 
drills  jjrove  them  to  be  satisfactory,  and  a 
considerable  number  of  drills  have  since 
been  installed  in  the  mine  in  preference  to 
the  old  type. 
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NoiKs    (»\    SiiMi;    Iai'Kki.mk.nt.s    ("oNiHi 'ii;i> 

AT     iiii;     I'i;iti;i:ii:\     |>i:i;i*,     Limitkh.     w  nil 

IIa.mi    I)|{||,i.s. 

■■(1)  All  drills  (stiii-tors,  iiiiij<l|.'  niid  loii-,') 
Were  liaud  sliiii|)fiU'(l  uixl  iicciiliittdy  j;iiiij,'t.'(l. 

(2)  ('oIlMiiii^'  was  clTfcti'd  li.v  '200  IjIowk 
on  t'lK'li  typf  of  slartiT  drill. 

(i\)  'J'lu-  drills  of  ortliiiaiy  aiul  lu-w  type 
Were  tlu'ii  used  alteriiattdy  in  the  name 
hole,  the  hlows  heinj;  counted.  400  blows 
were  altcrnatelv  struck  on  each  tv|)e  of 
drill.' 


Nature 

Oiclin.irv   t\pi. 
Drill. 

Drill. 

Iucr;-;use 
Kffi- 

of  Hole. 

Blows 

Pro(ire«s, 
Inches. 

24  i 
10.', 

2o| 

loj 

isi 

Blown. 

'V^r--c:^v 

Hottolil 

Top 

Top 

Mi.ldle        ... 

Top 

3,600 
3,t)0n 
3,600 
2,000 

3,(;oo 

3,600 
3,600 
3,6(Hl 
'2,0(M) 
3,600 

25i 

23  i 
123 

21  i 

5  15 
23-2 
14  3 
23  1 

17  .' 

.\NNi:\ri{K  ■■  E." 

l-'xtnicts  lldlii  letter  fmin  the  New  Kleili- 
tontein  Co.,  Ltd.,  dated  3rd  January, 
1010 :— 

V  careful  comparative  test 

ol  the  111  id  wa-;  made  in  onler  to  ascertain 
whether  the  saviiifj  in  steel  and  or  improve- 
ment in  ethciency  which  you  claim  for  yovir 
invention    weri-    likely   to   he   realised. 

lurira.sc  In  Kf]\cicncij. — The  te.>t  which 
was  very  carelully  cairied  out  showed  that 
there  was  likely  to  he  an  increase  in 
etiiciency  ol   about  30,  . 

Drcrcdsr  in  Cnusintifilion  of  I  hill  SticJ. 
This  test  .sjiowed  tliat  whilst  tlie  K.ss 
througli  crushiuf,'  or  "'  mushrcomin<:j  "  of 
drills  without  the  "  Read"  pattern  of  head 
was  etjual  to  O-H  Kiths  in.  of  steel  on  nine 
drills  receiving  a  total  of  36.000  blows,  that 
on  a  same  mimber  of  drills  with  the 
■  Head  ■'  pattern  head,  receivini;  the  same 
number  cd  blows,  was  2'^  in.,  representing 
approximately  ]  in.  ])ey  drill,  and  ai)i»arently 
cause<l  by  a  slight  fattening  of  the  rounded 
head,  together  with  a  cei-tain  amount  of 
compression  due  to  the  upsetting  of  the 
drill,  as  there  was  no  appreciable  wear 
beyond  this  slight  t^attening  of  the  head 
and  an  iiu-onsiderable  loss  due  to  scaHng. 
Since  the  introduction  of  the  "Read" 
pattern  drill  heail  throughout  the  mine,  it 
has  been  found  that  these  head.«;  stand  up 
v.ell  to  the  work,  and  with  the  exception  of 
ver\-   slight    flaking   or   scaling   there    is   no 
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api)reeiable  loss  of  steel  at  tliis  end  of  the   j 
drill.     No  trouble  whatever  has  been  experi-  I 
enced   with   the   natives  using  tliis  fonn  of 
drill,   in  fact  they   like  it  very  nnieh. 

Ditfieulties  have,  liowever,  arisen  with 
regard  to  the  tempering  of  the  head  end  in 
relation  to  the  hardness  of  the  hammer  used 
and  the  saving  in  dri!!  steel  is  in  a  measure 
eounteraeted  by  an  increased  consumption 
of  hammers.  It  is  clearly  necessary,  there- 
fore, that  the  temper  of  the  hammer  used 
with  the  new  style  of  drill  must  receive 
consideration. 

In  order  to  arrive  at  some  approximation 
(if  the  saving  in  quantity  of  steel  used,  the 
following  comparison  can  be  made. 

The  consumption  of  hand  drill  steel  for 
the  six  months  ending  May,  1918,  was 
07,015  lb.  The  quantity  of  ore  during  this 
period,  which  was  mined  by  hand  drills, 
was  844,126  tons,  or  a  consumption  equal 
to  0-282  lb.   of  steel  per  ton. 

For  the  three  months  ending  Xovember, 
1018,  during  which  time  only  the  "  Read  '" 
drill  has  been  used  the  consumption  of  steel 
was  22.277  lb.,  and  the  tonnage  mined  by 
hand  dinlls  lo0.700  tons,  showing  a  con- 
sumption of  0'139  lb.  per  ton. 

Thus  we  have — 

Pounds 

per  ton 

Mined. 

Consumption  by  old  form  of  drill...     0"282 

Consumption  by  "Read"  foi-m  of  drill     0-139 

Difference   equal   to        ...  ...^(yjl'/ 

in  favour  of  the  "  Read  "  form  of  drill. 

The  issue  of  hammers  for  the  periods 
mentioned   above   were   as   follows  :  — 

Pounds 
per  ton 
Mined. 
Six    months   ending    Mav,    1918 

3,840  lb.        ...         ."..         ...  00112 

Three  months  ending  Xovember 

1918,  5,760  lb 0()3r,l 


Difference  equal  to         ...  68'9% 

in  favour  of  the  old  form  of  drill. 

This,  however,  is  subject  to  the  above 
remarks  regarding  the  necessity  for  varying 
the  t>emper  of  the  hammers.  These  figures 
are  annved  at  by  means  of  the  actual  issues 
during  the  periods  shown,  and  owing  to  the 
shortness  of  these  periods  they  must  be 
accepted   as  only   approximate . 

With  regard  to  the  increase  in  efficiency, 
if  any,  many  factors  have  confused  the  issue 
and  we  find  our  results  inconclusive.     This 


portion  of  the  test  is  surrounded  with  great 
ilirticulty.  the  increased  efficiency  might 
possibly  be  vitiated  by  the  fact  tliat  the 
native  having  satisfied  iiim.-^elf  as  to  the 
number  of  inches  he  wishes  to  drill  will  by 
means  of  this  increased  efficiency  be  abl-' 
to  do  his  task  in  less  time. 

Again,  with  the  raw  native  who  has  ])ia- 
gressed  with  the  old  drill  to,  say,  20  in. 
and  with  a  30;  increased  efficiency  due  to 
the  "  Read  "  drill  miglit  be  able  with  the 
same  effort  to  drill  26  in.,  but  it  will  be 
extremely  difficult  to  assess  how  much  of 
this  is  due  to  the  increased  efficiency  of  the 
■■  Read  "  head,  and  how  much  may  be  due 
to  the  increased  efficiency  of  the  native  as 
he  becomes  more  accustomed  to  his  work. 
Though  theoretically  it  can  be  shown  that 
his  efficiency  must  be  increased,  it  will  be 
always  exceedingly  difficult  if  not  impos- 
sible for  the  reasons  above  stated  to  place 
a  value  on  it. 

It  would  appear  that  once  the  heads  are 
properly  made  and  tempei'ed  they  should 
last  the  fife  of  the  drill  and  short  ends  can 
be  welded  <m  to  fresh  steel." 

The  President:  .Mr.  Read  is  a  newly 
elected  member  of  this  Society,  and  you  will 
admit  that  he  has  certainly  established  his 
claim  to  membership  in  a  most  effective 
fashion.  The  subject  that  he  has  introduced 
this  evening  is  one  that  is,  of  course,  of 
much  interest  to  mining  men.  It  has  been 
dabbled  in  in  a  more  or  less  effective  fashion 
for  a  number  of  year,  but  I  do  not  kno«- 
whether  the  whole  ])Ositiou  has  been  so 
clearly  set  out  as  ^Ir.  Read  has  done  this 
evenmg.  I  have  had  the  o})portunity  of 
following  up  his  line  of  research.  His  con- 
clusions are  perfectly  obvious,  and  if  after- 
wards those  of  you  who  are  interested — as 
I  am  sure  you  all  are — vaIII  ask  him  to  show 
you  the  exhiljits  he  has  brought  here,  it  will 
be  proved  to  you  very  much  more  clearly 
than  by  any  figures  the  experiments  on 
which  his  argument  is  based.  You  will 
then  have  no  hesitation  in  giving  the  matter 
very  serious  consideration. 

There  is  one  point  that  the  critic  can  take 
up,  and  that  is,  if  the  whole  of  the  energy 
applied  is  utilized  in  drilling  and  there  is 
no  wear  on  the  drill  head,  can  it  be  pre- 
sumed that  there  is  no  wear  on  the  hammer 
head  Whether  this  is  the  case  or  not, 
Mr.  Read  no  doubt  at  some  future  ])eriod 
will  explain.  At  the  same  time,  I  think  if 
there  is  a  coiTcsponding  wear  on  the  ham- 
mer that  is  a  matter  which  can  be  remedied 
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ill  tlir  s:iiiic  wav  as  Ih'  Ikk  ii'iindiid  tlic 
wrar  on  tlir  ^liaiik.  Willi  tli(.sf  icinaiks.  I 
l)ci^  to  |>ro|)iisf  a  licaity  •  '  t'  tliaiiks  to 
Mr.    Hfad   for  his   most   iiitcicst iii"^'  |ta|>cr. 

(  i»>lllll'llltll.      I      liavr     Ik'cII      Vrl\      li'llliss     ill 

iMt  w  rIcoiiiiiiL,'  hack'  i.iii'  k'lti'  I'li'sidciit , 
Mr.  Ilililick  Smith,  and.  in  diiiiij.,'  so  now, 
1  shall  he  vcrv  j,dad  if  lii'  will  he  <,'ood 
i'nouj,'h  to  make  a  few  rt'inirk-s  in  sccondiii'^' 
the  vote  of  thanks. 

Mr.  G.  Hildick-Smith  r<isl-l'n.-<i(l,iil  i : 
I  tliank  .Mr.  Mever  vorv  miifh  for  wt'lcoin- 
inj;  nil'  hack  on  hclialf  of  the  Scn-icty.  'I'lu' 
work  I  have  heeii  doiiiL,'  while  in  England 
I  will  write  some  notes  on  foi-  the  Societv 
at  some  future  time,  which  will  peihaps  he 
of  interest  to  some  niemhi'is,  es|ieciall.\ 
those  interested  in  farniini,'. 

With  ri'^'ard  to  remarks  on  Mr.  Ke:id's 
interestinij  paper,  nnfortunatelv  J  have  not 
had  a  c()))y  of  the  pajter  to  follow  as  it  was 
read,  and  1  therefore  do  not  feel  pi'epared 
to  discuss  the  pa))er  in  detail  as  I  hope  to 
do  at  a  future  meetiui,'.  There  ari',  how- 
ever, sexeial  points  in  it  on  which  1  would 
like  to  eommeiit.  It  is  an  interesting  piece 
of  research  woik,  a  class  of  work  that  is 
not  done  sutticiently  often  on  the  mines,  as 
no  organised  systematic  research  work  is 
yet  being  done.  This  kind  of  work  is  only 
done  in  a  ha])ha/.ard  maimer  or  as  a  matter 
of  curiosity,  as  Mr.  liead  remarked  to-night. 
It  should  not  he  done  out  of  curiosity,  hut 
as  part  of  the  organised  work  of  any  r^ie 
(Iroup  or  of  the  Industry  as  a  whole,  and 
the  sooner  any  one  group  or  the  Industry 
oi'ganise  on  such  lines  as  to  ])ermit  of  sys- 
tematic research  work,  the  sooner  will  the 
mines  show  a  continuously  increasing 
etticiency. 

The  President:  Well,  gentlemen,  there 
are  apparently  no  further  remarks  on  this 
subject  to-night.  I  must  again  strongly 
advise  you  to  examine  these  exhibits  which 
Mr.  Read  has  been  kind  enough  to  bring 
here,  and  I  have  no  doubt  that  at  a  subse- 
quent meeting  many  of  you  will  have  con- 
tributions  to  make   to  the  discussion. 

Mr.  D.  R.  Robinson  '  Assoddfr  i :  Might 
I  ask  the  name  of  the  inventor  of  this 
head  :' 

The  President:  The  inventor  is  Mr.   II     \ 
liead,   who  read  the  paper. 


CKMENT.VTION  l>i{()CKSS  Al'l'LlKD  TO 

.M1MN(;   (KH.VNroIS  SYSTEM). 

By  .\.  H.  KitY.NALW  (Member). 
( I' I  tilled  ill  Join  mil.  May,   lUIS  ) 


The  Secretary:  Mr.  Krynuiiw  nsks  nie  to 
apologise  lor  his  absence  to-night,  and  tf) 
say  that  any  rcp|\  that  he  could  luivt;  given 
was  most  abl_\  given  by  .Mr,  lilaiidford  at 
the   last    meeting. 


THE     KSTI.M.VTION    OF    O.WOEN     IX 
WOIJKING  CYANIDE  SOLUTIONS. 


\\\    II.   .\.    W'liiTR  (Vice-President  ) 


( Prill  fed  in  Journal,   June,    lUlS.) 


i:i;i'i.v  To   DISCUSSION. 

Ml.  H.  A.  White:  I  have  to  thank  tliose 
members  who  took  part  in  this  discussion, 
and  paiticularly  .Air.  W'artenweiler  and 
Mr.  King  foi-  the  interesting  records  pub- 
lished. 

It  appears  that  on  certain  plants  sonu- 
f  tlu'  solutions  persist  in  giving  a  pui-])le 
or  violet  coloration,  which  does  not,  as  in 
my  own  experience,  rapidly  change  to  the 
usual  brown.  I  have  made  a  number  of 
experiments  on  synthetic  solutions  with  the 
object  of  tracing  the  cause  of  this  pecu- 
liarity, and  now  believe  it  to  be  caused  by 
;*omplex  ferrous  or  ferric  salts,  such  as  are 
formed  with  tartaric  acid,  and  many  other 
■/rganic  compounds  containijig  the  (HOi 
srroup  such  as  hydroxy-acids  and  sugars. 
Such  compounds  in  dilute  alkaline  solutif)!! 
are  not  precijjitated  by  alkalies,  cyanides, 
ferrocyanides.  ferricyanides  or  sulpho- 
eyanides.  and  in  very  dilute  solution  are 
only  colf)ured  light  green  by  alkaline  sul- 
phides. .V  simple  experiment  with  ferrous 
or  ferric  sulphate  dissolved  with  consider- 
able excess  of  I'otassium-sodiuni  tartrate 
(Kochelle  salt)  will  demonstrate  the  above 
facts,  and  will  also  show  the  peculiar  violet 
to  purple  shades  with  jiyro  (or  ])yrocatechin 
or  Oallic  acidi  in  very  weak  cyanide  solu- 
tions. Strengtliening  the  solution  with 
l»ure  sulphide  free  cyanide  might  improve 
the  test,  but  it  would  surely  be  better  to 
try  to  remove  the  cause,  which  cannot  be 
conducive  to  good  extractions.  This  cause 
is  most  likely  to  be  associated  with  the  use 
of  mine  water  in  the  reduction  plant.  This 
usually  contains  feiroso- ferric  sulphate  and 
organic    matter,    and    should    be    rendered 
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.i.uaiiin  aud  then  nxiii.^^vi.  either  by  good 
air  treatment  (exposure  in  dams  or  other 
good  aeration'  or  hv  the  use  of  ]iermanga- 
nate  or  bleaching  powder,  as  lias  been  done 
in  some  eases  for  years  jiast. 

With  reference  to  the  removal  of  oxygen 
fnim  solutions  in  order  to  lessen  the  con- 
sumption of  zinc,  to  improve  ])recipitation, 
and  to  eliminate  white  precipit-ite,  I  have 
found  that  this  is  possible  by  chemical 
means,  as  the  following  experiment  will 
show  : — 

Add  to  'Ih  litre  bottle  full  of  solution 
(entering  slime  boxes!  0"28  gm.  of  MnSC), 
as  concentrated  solution.  Shake  well  and 
leave,  carefully  stoppered,  to  settle  for  18 
hours. 

Solution  before  treatment  :  KCX  0'012%, 
O  C'o  mgm.  per  litre. 

After    treatment:    KCX    O-OIT  .     ()    TO 
mgm.  per  litre. 

The  white  precipitate  of  manganous 
hydrate  turns  quickly  to  the  brown  colour 
of  the  hydrated  dioxide,  but  the  reaction  is 
not  quite  complete,  as  only  0'226  gm.  of 
manganese  sulphate  is  called  for  to  corre- 
spond with  the  oxygen  removed  according 
to  the  equation  : — 

MnSO,^0  +  2  XaHO=. 

Xa,S(),-rMn0,-rH,O 
I'.ven  if  a  regenerative  process  were  used  it 
would    not    be   possible   to   bring   down   the 
cost  much  below  0'4d.  per  ton  of  solution, 
whereas  at  pre-war  prices  the  advantage  to 
be    gained    from    saving    in    zinc    and    acid 
would    be    somewhere   about   0'3d.    per   ton 
of  solution,  apart  from  any  cyanide  lost  in 
white  precipitate  or  gain  of  gold  from  better 
precipitation.     It  would  b":-  therefore  better 
to  use  a  mechanical  method    such  as  spray- 
ing into  a  vacuum,   for  this   as  well  as  for 
the    kindred    object    of    removing    air    from 
l)oiler  feed  water,  where  the  gain  would  be 
lessened     corrosion      and     possibly      better 
vacuum  in  condensing  plant.     In  this  latter 
case  it  may  be  pointed  out  that  condensed 
water     contains     very     little     oxygen,     and 
should  be   returned   to  the   boilers   with   as 
little  agitation  and  air  exposure  as  possible. 
Mere  exposure  to  a  vacuum  without  agita- 
tion is  little  use,  as  the  following  figures  testify. 

m .  p .  1 , 
Solution    entering    slime    at   2;')'^    C. 

oxygen      ...  ...  ...  ...      (V;") 

exposed   to   22i    in. 


After   30    min. 

vacuum     . 
After    00    min. 

vacuum 


After    19   hours   expt  sod   to  22i   in. 

vacuiun 


Xil. 


Some  experiments  1  have  made  indicate 
that  the  diffusion  constant  foi-  oxygen  is 
about  1  cm.  ])er  day,  and  this  explains  tlu' 
above  results,  and  also  shows  wliy  the 
oxygen  replacement  in  solutions  is  rapid  only 
where  there  is  considerable  movement  or 
convection  is  possible.  If  the  tem]>erature 
in  a  sump  were  kept  uniform  it  would  be 
years  before  the  bottom  layers  got  satiu-ated 
with  oxygen,  as  diffusion  varies  as  square 
of  time. 

The  fact  that  zinc  is  sliglitly  soluble  in 
cyanide  solutions,  even  in  the  absence  of 
oxygen,  is  best  illustrated  by  the  following 
experiment,  which,  however,  also  shows  the 
saving  to  be  made  by  its  removal  : — 

Some  commercial  zinc  sheet  was  rolled 
out  very  thin  and  10  ))ieces  of  tlie  same  size 
were  cut  out  to  expose  T".")  s(].  cm.  of  surface 
each.  One  piece  was  buns::;  up  in  tlie  inflow, 
one  in  each  of  the  eight  compartments  of 
an  extractor  box,  and  one  in  tlie  outflow, 
all  about  1  in.  below  tlie  surface.  The 
alk-ilinitv  and  cyanide  strengths  were  very 
much  alike  both  top  and  bottom  of  box  at 
0-011  KCX  and  0-010  XmHO  and  the  tem- 
peratin-e  about  25°  C. 
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Tbe  exposure  was  for  24  hours,  and  eacb 
piece  was  washed  in  ammonia  to  free  it 
from  zinc  hydrate,  but  no  allowance  was 
made  for  gold  deposited  when  weighing  up. 
The  influence  of  the  gold  depr)sited  in  creat- 
ing a  "  cf)uple  "  is  sliown  by  the  fact  that 
plain  cyanide  solution  of  this  strength  will 
only  dissolve  about  O'lS  mgm.  of  zinc  per 
sq.  cm.  ]»er  24  hoin-s  wlien  nearly  free  from 
oxygen  aiul  not  nioi'e  tlian  0-8  mgm.  when 
saturated  with  oxygen,  though  gold  is  dis- 
solved at  six  times  that  rate. 
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THE  EFl'KCrs  ol'    hi  M    IMlALMloN 

ISy  .1.  S.    IIai.dank,   M.D.   F.K.S 
(Hon.   Menihei). 


( Printed  in  Journal,  ./iihj,  I'JIS. 


DISCUSSION. 

Dr.  L.  G.  Irvine  {Mrmhcr):  I  do  not 
tliiiik'  tlint  1  liavo  lUivtliiii;^'  to  add  to  tin- 
disc'iis^sion  on  Dr.  llaldaiifs  paper  wliieli 
luis  not  already  been  said  by  sonieouc  else. 
But  there  are  one  or  two  points  suj,'<,'ested 
by  the  paper  and  the  siibseqiuMit  discussion 
upon  it  wliieli  1  may  jjerbaps  refer  to  even 
at  the  cost  of  repetition. 

We  in  this  Society  have  always  been 
assured  of  Dr.  Haldane's  ready  sympathy 
and  co-operation  in  our  attempts  to  solve 
our  particular  prol)lems  of  mining  hygiene, 
and  I  need  not  remind  membei-s  of  his 
numerous  important  contributions  in  the 
past  to  tlu'  columns  of  our  Jitiininl.  I 
I'onsider  it  a  very  high  compliment  that 
Dr.  Haldane  |)resented  the  ])aper  under  dis- 
cussion to  this  Society  sinniltaneously  with 
its  presentation  to  the  Institution  ot  .Mining 
Engineers  in  England. 

The  paper  is  marlced  by  the  lucidity  and 
suggestiveness  of  all  Dr.  Haldane's  work, 
but  the  author  does  not  claim  finality  for 
his  conclusions.  The  paper  contains  several 
valuable  new  ideas  which  are  put  forward 
for  confirmation  by  further  experiment  and 
research.  Dr.  Haldane  emjihisises  the  fact 
that  the  intervention  of  the  war  has  necessi- 
tated an  interruption  of  the  experimental 
investigation  on  which  the  ]>aper  is  mainly 
based  and  that  investigation  lecjuires  to  be 
confirmed  and  amplified. 

The  puzzling  difiiculty  of  which  ])y.  Hal- 
dane offers  an  explanation  is  this  :  Why  is 
it  that  although  the  dangerous  element  in 
those  mineral  dusts,  prolonged  inhalation  of 
which  produces  fibrosis  of  the  lungs  and  an 
excess  mortality  from  tuberculous  phthisis, 
is  quartz  or  crystalline  silic.i.  nevertheless 
other  dusts  wliicli  contain  a  considerable 
proportion  of  quartz,  such  as  coal-mine  dust 
or  shale  dust,  are  relatively  harmless,  and 
cause  on  prolonged  inhalation  no  such  excess 
mortality. 

.\s  the  result  of  a  series  of  experiments 
on  animals,  Dr.  Haldane  offers  the  explana- 
tion that  while  all  dusts  are  taken  up  into 
the  lungs  by  "dust  cells,"  the  relatively 
harmless  dusts  are  composed  wholly  or 
partly    of    substances    whicli    stimulate    the 


<lu>l  iiU.^  of  till  lungs  to  niiioi'r  not 
<inly  (he  harmless  dust  i)urticles  themselves, 
but  the  potentially  hairnful  silica  jjarticles 
as  well. 

In  one  crucial  experiment — unfortunately 
circumstances  appear  to  have  permitted  only 
one — tlint  dust  mixed  with  coal  dust  was 
used  for  inhalatitiu.  and  "  the  results  indi- 
cated that  piaeticall\  tin-  whole  of  tin-  flint 
dust   was  ri'mo\ed  in  a  moderate  time."' 

Di'.  Ilaldaui-  is  tlu-icfore  lead  to  Muike  this 
practical  suggestion:  "  Jf  we  cannot  alto- 
gether prevent  the  inhalation  of  dangerous 
stone  dust  we  can  apparently  neutralize  its 
effects  by  causing  another  kind  of  dust  to 
be  inhaled  with  it."  He  suggests  as  a 
"neutralizing"  dust  say  00'  shale  with 
coal  dust. 

Now  we  must,  I  think,  admit  that  that 
is  the  position  on  the  Rand  tci-day.  In  spite 
of  all  that  has  been  done  imdergroimd,  the 
inhalation  of  fine  siliceous  dust  has  not  been 
entirely  i)revented,  and  cases  of  silicosis 
continue  to  be  produced,  although  I  certainly 
believe  in  much  snuiller  nunil)ers  than  f)re- 
viously.  The  result  in  actual  practical 
operation  of  the  methods  introduced  under 
Government  regulation  on  the  Rand, 
namely,  water  jets,  water  blasts,  general 
watering,  better  ventilation,  the  prohibition 
of  blasting  the  cut  and  round  on  the  same 
shift,  and  finally  the  prohibition,  except  by 
special  exemption,  of  blasting  more  than 
once  in  twenty-four  hours,  has  been  that  the 
amount  of  dust  in  mine  air  has  been  enor- 
mously reduced,  but  the  extremely  fine 
injurious  dust  has  not  been  removed  to  the 
point  that  silicosis  is  no  longer  produced. 
These  methods  are  all  good,  and  the  last 
named  comes  by  no  means  last  in  import- 
ance. But  the  |)osition,  nevertheless,  is 
that  although  we  have  scotched  the  snake, 
we  have  not  yet  killed  it.  And  that  being 
so  we  must  welcome  any  practical  sugges- 
tion which  may  enable  us  to  add  to 
ovn-  preventive  measures  against  miners' 
phthisis.  It  is  necessary  therefore  that  the 
practical  eflicacy  of  Dr.  Haldane's  sugges- 
tion should  be  thoroughly  tested  on  every 
side.  Dut  even  if  it  should  be  found  to 
fulfil  all  that  it  promises,  it  must  be  regarded 
as  supplementary,  and  not  as  an  alternative 
to  the  dust-laying  measures  already  intro- 
duced. 

l^ut  the  discussion  has  shown  that  we  are 
still  far  from  fully  understanding  the  prob- 
lem. 
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J 'r.  Il;ilil;iin.  >u;;^l  >ls  tliat  the  danj^'i-rous 
qualities  of  quart/,  dust  are  not  duu  uutcIv 
to  the  tineness  and  sharpness  nf  its  particK-s. 
He  suggests  that  if  tlitit  were  so  the  c-rvstal- 
hne  quartz  in  shah'  dust  slu-uld  also  pro- 
duce injin-ious  eftfcts.  Hut  one  thing  we 
have  established  on  the  Kand  is  that,  not 
the  onlv,  hut  the  iiidin  danger  from  dust 
iniderground  comes  from  hloftfing  dust,  and 
that  the  particles  of  i)lasting  dust  are  exces- 
sively tine  and  minute.  Now,  has  any  strict 
comparison  been  made  of  tiie  si/e  and  cliar- 
acter  of  the  particles  of  quartz  in  shale  dust 
with  our  blasting  dust,  or  is  there  any  proof 
that  even  although  shale  dust  may  contain 
30'  or  ")()'  of  (juaitz  in  bulk,  that  that  pro- 
j)ortion  enters  the  lungs  or  that  it  enters  in 
a  condition  at  all  resembling  blasting  dust  ? 
This  criticism  has  been  made  by  others,  and 
it  appears  to  me  to  be  a  cogent  one. 

Again,  although  it  is  true  that  the  inhala- 
tion of  coal  mine  dust  does  not  jyroduce  an 
excess  mortality  from  tuberculous  phthisis, 
it  is  not  true  that  it  does  not  produce 
fibrosis.  One  should  not  in  this  relation 
speak  of  "  coal  dust  "  unless  one  means  pure 
coal  dust,  but  of  "  coal  mine  dust  "  or 
"colliery  dust."  since  it  has  been  shown 
that  the  dust  found  on  the  roads  and  other 
surfaces  in  coal  mines  contains  a  consider- 
able proportion  of  stone  dust.  In  the  ])os- 
session  of  the  Miners'  Phthisis  ]\Iedical 
Bureau,  as  Dr.  Watkins  Pitchford  has  told 
you,  tliere  are  several  plates  showing  very 
definite  fibrosis  in  the  lungs  of  men  who 
have  worked  underground  onlv  in  coal  mines 
over  long  periods.  One  plate  in  particular 
shows  a  well  marked  change  identical  in 
appearance  with  an  early  silicosis.  Prob- 
t.'bly  it  is  the  quartz  in  coal  mine  dust  which 
is  responsible  for  this  result.  I  have  very 
little  doubt  that  if  the  same  intensive  radio- 
graphic examination  of  coal  minei's  were 
made  as  is  made  of  gold  miners  here,  we 
should  find  quite  a  fair  number  showing 
definite  signs  of  fibrosis.  No  doubt  the 
fibrosis  may  develop  less  frequently  and 
more  slowlv  and  to  a  less  degree.  But  the 
cardinal  difference  between  the  gold  miner 
and  the  coal  miner  lies,  as  stated  by  Dr. 
Watkins  Pitchford,  in  the  fact  that  in  the 
fonner  the  fibrosis  of  the  lung  is  associated 
with  an  excess  mortalitv  fi-om  tuberculous 
phthisis,  while  in  the  latter  not  onlv  is  there 
no  exc'-ess  mortality  from  tuberculosis,  but 
the  mortality  from  this  cause  is  lower  than 
that  of  occupied  males  in  general.  Dr 
Haldane's  suggestion  that  the  inlialatirm  of 


coal  dust  stinuihiti-s  lln-  reninxal  of  (ubcicK. 
b.icilii  as  well  as  dii^I  particles  tVom  the 
lungs  is  here  most   illuminating. 

Further,  the  discusioii  makes  it  clcjir 
that  the  pliysical  and  chemical  properties  of 
the  non-injuriou--  "neutralizing"'  ingre- 
dients of  the  n'latively  sate  mineral  dusts 
are  not  yet  thoroughly  understood.  Di-. 
Smeeth  i)oints  out,  for  example,  tiiat  Kular 
mine  dust  contains  v-  niiieli  (piartz  as 
granite,  and  as  nuieli  erystallini-  silicate  in 
addition,  yet  the  former  is  apjiai'ently  not 
injurious,  while  granite  is  resj)onsil)le  for  the 
silicosis  in  Cornish  tin  mines  (so  fai-  as  that 
is  not  due  to  imported  cases  from  the  Trans- 
va-d). 

It  is  plain  that  these  and  other  similar 
points  nnist  be  cleared  up  by  further  inves- 
tigation h(>fore  we  can  really  understand  the 
qii-'stioii  lully.  Di'.  Haldane  has  restated 
clearly  and  in  a  new  light  a  ])roblem  which 
was  before  a  ])uzzle,  and  he  has  indicated 
equally  clearly  the  way  in  which  it  may  l)e 
finally  solved  by  further  investigation.  'I'he 
exi)eriments  under  his  dii'ection  will  iii 
doubt  be  continued  and  final  results 
reiched.  But  several  contributors  to  the 
local  discussion  have  lU'ged  that  we  should 
do  our  own  experimenting  also,  ;md  that 
so  far  as  its  application  to  the  miners' 
])hthisis  problem  on  the  Rand  is  concerned 
this  investigation  shr.uld  he  continued  here 
in  South  Africa. 

An  immense  amount  of  valual)le  work 
has  already  been  done  here,  especially  by 
the  Miners"  Phthisis  Prevention  Committee 
and  by  others  in  elucidating  the  ])ractical 
side  of  dust  measurement  and  dust  preven- 
tion. A  very  large  sliare  of  the  credit  for 
this  is  due  tf)  Sir  liobert  Kotze  and  to  the 
co-operation  in  the  work  of  the  Chamber  of 
IMines.  ^Ir.  Innes's  recent  pa])er  is  an 
excellent  example  of  this  side  of  the  wf)rk. 
And  I  think  we  ma>  claim  also  that  in  tlie 
elucidation  of  the  clinical  aspects,  the  path- 
ology and  the  radiography  of  silicosis  and 
tuberculo-silicosis  we  are  far  ahead  of  any 
other  coimtry.  So  that  1  am  glad  to  be 
able  to  say,  on  the  authority  of  Dr.  Watkins 
Pitchford,  that  arrangements  are  already  in 
train  to  have  this  new  aspect  of  the  question 
raised  by  Dr.  Haldane  thoroughly  investi- 
gated locallv  at  the  South  .\frican  Institute 
for  ]\Iedical  Research.  The  experimental 
work  on  silicosis  in  rats  planned  by  D)'. 
.\.  H.  Watt,  the  results  of  wdiich  were  com- 
)nn?iieated    to    vr)u    recentlv    bv    Dr.     Pratt 
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iiii'iits  ill  >iiii.  Strict  lalxinitory  cxjii'ii- 
MU'iits  aif  alsii  iK'Cfssarv.  All  of  this  prc- 
liiiiinar\  work  is  essential  hei'ore  aiiv  prac- 
tic'al  steps  can  he  taken  in  the  wav  of  an 
extensive  application  of  I  )|-.  llaklanc's  su;;- 
<,'esti<)n.  Whatever  the  result  ot  tliis  inves- 
ti<,'atinii  niav  he,  \\i'  must  al\\a\s  icnieinhcr 
that  the  main  enemy  is  hlastin;,'  (hist,  and 
persnn.ilix  I  douht  very  imieh  uiiethcr  tin' 
shale  and  e()al  dusting  of  wet  roads  and 
faiH's  will  prevent  the  ra|)id  dissemination 
in  the  air  of  the  tine  dust  produced  at  hlast  ■ 
injj.  I  should  still  rely  more  on  sinj;jle  sliil* 
hlastiui;  and  getting  as  many  men  as  posM 
hie  out  of  the  mine  before  hhistinj^  time. 

The  alternative  sugtjestion  litis  hern  mad 
i.f  passin,i][  all  miners  throui,di  a  coal  dust 
chamher  cr  area  for  certain  periods  of  the 
day.  This  mis^ht  he  feasihie  and  valuuhle 
if  its  obvious  dirticulties  in  loss  of  \vorkin<:j 
time  and  tlie  inevitable  objection  of  human 
inertia  and  (;tlier  conditions  cf)uld  be  met. 
It  would  ai>pear  from  the  results  of  Dr. 
Haldane's  observations  that  to  secure  the 
removal  of  siliceous  dust  from  the  lungs  the 
inh  'lation  of  tlie  dangerous  and  the  neutral- 
izing dust  should,  as  far  as  ])ossil)le,  go  on 
siniiiUtiiicousJii.  Once  the  particles  <i  silica 
are  encapsulated  by  fibrous  tissue  their 
removal  is  not  likely  to  occur  to  any  great 
extent,  although  it  is  known  that  a  certain 
amoinit  of  elimin  ition  does  occur.  Hence 
the  interciiange  of  miners  between  coal  and 
gold  mines  seems  a  feasi])le  suggestion  from 
the  medical  standpoint,  whatever  it  may  bo 
from  the  economic  side.  On  the  other  hand. 
to  send  miners  already  affected  by  silicosis 
to  coal  mines  in  tlie  ho])e  of  an  amelioration 
of  their  condition  is  not  likelv  to  do  much, 
if  any,  good  except  perha])s  in  early  cases. 
These,  however,  are  points  the  value  of 
which  only  time  and  experience  can  prove. 
I  regret  that  what  I  have  said  lias  been,  as 
I  stnted  at  the  outset,  mainly  a  repetition 
of  what  has  been  said  by  others,  but  as  T 
have  been  absent  from  Joliannesburg  for 
some  time  and  the  question  has  meanwhile 
been  very  tlioroughly  discussed  in  England 
<!r  locallv.  tliis  was  inevital)le. 

The  President:  I  understand  that  Dr. 
Macaulax  .iKn  has  a  contribution  on  this 
highlv  important  subject,  luit  it  will  be 
published   in   the  Joiiiunl. 

T  should  just  like  to  remark  that  I  am 
sure  thnt  all  the  members  of  this  Society 
feel  highlv  gratified  to  know  that  this  matter 
i<  11.  t  tM  li..  ;illi  W'd  forest.  :ind  tliat  a  reallv 


(oilow    up    the    lilies  of    Dr.    llaldaiie'h   sug- 
gestions. 

1  must  also  add  that  I  can  n'lVf  the  assur- 
ance that  members  of  tl--  Sdciety  who  can 
be  of  the  slightest  practical  use  in  carrying 
out  these  experiments  will  give  their 
heartiest    (-(i-operat  inn. 

Till-:   .MM'LK  AlloN   Ob   Till".    IHKOriY 
ol"     riM)l'.AIill>ITV     IN    THK 

i>i:tki;.\iination  of  ohh  kkskkves 
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I'rintnl  in   .h'linuil,  .hinuanj,   I'.U'J.i 

|i|<(  rssioN. 
Mr.  H.  A.  White  ( Vice  -  Prcsidcni)- 
Of  the  "i^aw  of  Error"  of  which  the  author 
has  given  us  an  able  and  convenient 
abstract,  it  has  been  remarked  by  H. 
l^^incare,  "  everybmly  firmly  believes  in  it 
because  matliematicians  imagine  that  it  is 
a  fact  of  observation,  and  observers  that  it 
is  a  thef>rem  of  mathematics."  It  has, 
however,  been  found  by  the  author  to  give 
a  rough  representation  of  distribution  of 
reef  values  though  what  is  called  the  "fit' 
of  liis  curves  to  liis  observations  is  dis- 
tinctly bad.  It  may  be  remarked  in  pass- 
ing tluit  the  ■  skewness  "  of  the  "  best  " 
curve  for  any  mine  i.-  probably  closely  con- 
nected with  the  percentage  of  payability 
of  the  ore  reserves  which,  of  course,  deter- 
mines the  proportion  of  low  valued  samples 
which  are  excluded.  Nevertheless,  the.-e 
cunes  are  of  very  great  interest,  and  justify 
the  lal)our  which  has  been  expended  in  their 
jireparation. 

It  is  an  axiom  tliat  notliing  more  can  be 
got  from  the  mathematical  mill  than  has 
been  put  into  it,  the  result  being  a  cliange 
of  form  rather  than  of  substance,  and  if  any 
proces'i  whatever  be  devised  to  reduce  the 
ascertained  value  of  ore  reserves  or  value 
of  ore  sto])ed,  the  assumption  that  ordinary 
sampling  tends  to  give  high  results  must 
be  slipped  in  somewhere.  Wherever,  there- 
fore, this  is  the  experience  an  average 
*  factor  "  which  directly  reproduces  that 
experience  should  be  used  as  this  involves 
no  other  assumptions  whatever,  will  save 
a  lot  of  calculation  and  a  lot  of  elaborate 
mathematics — sometimes  not  justified  by 
the  "  coarseness  "  of  the  observations,  and 
occasionally,  as  in  this  instance,  without 
Inuical    justitication. 
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Tin.'  antliof's  logical  lapse  occurs  where 
he  (jiiotes  the  astrononier's  (letenninations 
from  his  ol<servations  of  the  weight  he  may 
attach  to  them,  and  says  iu  a  similar  icay 
we  may  determine  from  the  frequency  of 
the  occurrence  of  different  values  tlie  rela- 
tive weights  we  may  attach  to  them  when 
they  occur  in  stopes. 

The  astronomer  makes  many  different 
detenninations  of  a  single  fact,  and  his 
small  differences  are  due  to  just  such 
causes  as  the  law  of  error  is  calculated  to 
provide  for,  so  that  his  final  result  gives  the 
most  probable  value  when  so  corrected.  In 
order  to  make  the  author's  "  similar  way  '' 
logically  justified,  one  large  sample  of  rock 
must  be  carefully  powdered  and  well  mixed 
and  a  large  number  of  assays  must  be  made 
from  properly  selected  small  portions  there- 
of; analysis  of  the  results  might  then  be 
made  by  the  '"law  cf  error"  or  the" method 
of  least  squares,"  but  even  then  the  mere 
arithmetical  mean  would  be  of  sufificient 
accuracy. 

This,  however,  is  a  verj-  different  thing 
from  the  method  adopted  by  the  author  to 
deteiTTiine  the  average  value  of  many 
samples  of  different  things  onh"  loosely 
connected.  If  the  frequency"  curve  obtained 
were  symmetrical  no  great  hanxi  would  be 
done,  but  in  the  more  usual  skew  curve  the 
error  is  consiflerable  and  amounts  to  a 
reduction  of  80/  of  average  value  in  the 
numerical  illustration  given.  The  method 
adopted  when  stripped  cf  its  mathematical 
garb  amounts  to  this: — It  is  a  fact  that 
liigh  values  are  not  so  frequently  found  as 
those  nearer  the  pay  limit,  and  we  are  not 
content  to  allow  for  this  fact  once,  as  in 
the  ordinan,-  average,  but  think  it  should  be 
allowed  for  once  more  by  weighting  in 
accordance    with    scarcit3\ 

There  is  as  yet  no  reason  to  suppose  that 
the  distribution  of  gold  in  the  reefs  woi'ked 
is  aiTanged  in  sucli  a  fashion,  with  reference 
to  development  lines,  that  the  ordinai'y 
samples  must  give  incorrect  results,  and 
there  is  no  theoretical  justification  for  the 
usual  assumption  that  a  value  over  2,500 
ineh-dwt.  must  refer  to  a  smaller  quantitv 
of  rock  than  one  of  400  inch-dwt.  If 
sufficient  numbers  f;f  samnles  are  taken 
the  number  of  liigh -valued  results  must 
closely  correspond  with  the  quantity  of  ore 
of  that  value,  if  as  is  usual  the  exposed 
reef  is  commensurate  with  the  tonnage 
developed.  If  such  ore  is  very  rare  such 
samples  must  be  equally  rare,  and  the  usual 
average   is   correspondingly   affected, 


Having  demolisju'd  the  matlu'niatical 
shelter  from  the  fire  of  criticism  ui)on  differ- 
ences between  mill  value  and  stope  assays, 
it  is  nece.--sary  to  point  out  the  real  causes 
of   the   difference   frequently   found. 

Sampling. — This  is  generally  done  with 
very  great  care,  but  frequently  too  many 
samples  are  required  for  the  day's  work. 
However  conscientiously  done  the  tendency 
must  be  to  produce  too  high  results  for  the 
followijig  reasons.  The  real  width  of  the 
reef  exposed  can  only  be  found  if  the 
exposed  face  includes  the  shortest  line  and 
the  measurement  is  made  in  the  correct 
direction: — Any  "rrror''  ^rnisi  he  in  rjcr.s'.s 
Measurement  of  stope  widths  is  difficult 
especially  when  "choked"  with  broken  rock, 
and  is  usually  reckoned  too  small,  as  is 
proved  by  comparison  of  stope  and  mill 
toimages. — J'/z/.s  al-^o  mtil:cs  ^fopc  raliicn  too 
high.  Frequently  tlie  riclier  portion  of  the 
reef  is  most  friable,  and  often  the  lower 
portion  of  the  reef  is  richer  than  the  vipper 
portion  ;  although  samplers  are  well  aware 
of  these  facts,  there  is  in  consequence  a 
well  marked  tendency  for  the  sample  to  be 
liigher  than  the  face  it  is  taken  from.  Not- 
withstanding these  facts,  sam.pling  is  usually 
so  well  carried  out  that  the  whole  discre- 
pancy can  hardly  be  accounted  for  in  this 
wav. 

Mining. — Not  all  tlie.  gold  in  the  rock 
mined  is  sent  to  the  surface.  In  the  first 
place,  blasting  scatters  a  certain  amount  of 
fine  but  rich  dust,  portion  of  which  is  lost. 
Underground  sorting  for  waste  packs  in- 
volves a  certain  loss  of  gold,  which  may 
sometimes  lie  considerable.  The  mieven 
stope  floors  catch  a  quantity  of  gold,  of 
which  f.iily  part  can  be  recovei'ed  by  sweep- 
ing, which  is  often  not  carried  ovit  thoroughly 
and  frequently. 

Of  the  gold  hauled  to  the  surface,  some 
is  sent  to  the  waste  dump  in  sorted  rock, 
which  it  is  not  possible  to  accurately  sample 
in  the  usual  manner  attempted,  and 
although  the  gold  stolen  is  no  longer 
estimated  at  10/^  no  one  imagines  that 
absolutely  no  gold  is  lost  in  icduction 
operations. 

The  autlior's  own  figures  well  illustrate 
the  absurdity  of  trying  to  balance  up  the 
gold  month  by  month  with  the  variable 
absoi^ption  caused  by  plates,  tubes,  extractor 
boxes  and  by-products,  but  his  practically 
constant  plus  results  on  the  Van  Ryn  G.M. 
Estate  for  1018  certainly  throw  considerable 
doubt   upon   the  practical   advantage   to  be 
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<il)tiiiiu'il    ln>iii   tlif    hilxmi-   the   iii\v   iiu'tliod 
involves. 

In  coiK'lusifm.  I  would  likf  to  n-niiirk  that 
wlmtevor  opinion  ultimnt  'ly  picvnils,  with 
regard  to  tlic  avowctl  ohjfct  of  this  pupor, 
it  must  bo  I'oiK-i'dfd  that  a  hirgt-  amount 
of  work  has  been  \er\  protitai)ly  expended 
in  producing  a  novel  and  valuable  pietui-e 
of  gold   distribution. 

Mr.  H.  R.  Adam  <  Men, Iter  of  ('(lunril): 
Tlinse  in  the  i)est  position  to  diseuss  this 
])aper  thoroughly  an'  mathematieians,  who 
may  dispute  the  matlu-niatical  reasoning, 
and  those  in  possession  of  data  for  or  against 
the  premises  on  which  the  method  is  based. 
There  is,  however,  a  great  deal  of  value  in 
the  paper  to  the  assaver  who  is  interested 
in  the  general  scheme  of  mine  work,  as 
well   as   in  his  own  ])aiticular  branch. 

The  first  obvious  criticism  is  that  Mr. 
Waternieyer  has  ap]>lied  the  theory  of 
jirobability  without  discussion  as  to  whether 
it  is  really  applicable.  It  is  open  to  argu- 
ment whether  this  is  justifiable  even  though 
he  obtain  better  agreement  in  the  examples 
given.  His  method  is  based  on  the  assump- 
tion that  the  discrepancy  between  mill  yield 
and  estimated  values  is  due  to  the  effect 
abnormally  high  values  have  on  the  arith- 
metic mean,  but  he  has  given  no  considera- 
tion to  the  ])Ossibility  that  this  may  not  be 
the  main  cause  of  the  discrepancy  at  all. 
The  very  fact  that  the  discrepancy  is  always 
on  the  one  side  indicates  that  there  are 
sources  of  constant  r.r  biassed  eiTors  either 
imderground  or  in  the  mill  and  probably 
in  both  places,  and  before  applying  the 
theory  it  would  be  necessary  to  eliminate 
these  as  far  as  iiossible.  A  detailed  dis- 
cussion of  such  possible  "  constant  en-ors 
is  of  course  a  matter  for  the  mining  expert ; 
it  may  merely  be  noticed  here  that  monthly 
mill  returns  are  liable  to  considerable  error, 
since  the  yield  can  no  doubt  be  modified 
according  to  the  thoroughness  of  the  "  clean- 
up."  The  mill  returns  for  a  year  would  be 
safer  iigures  to  go  on.  As  an  aside,  the 
metluxl  of  returning  the  gold  yield  as  "  mill 
yield -^]ndp"  strikes  one  as  curious.  It 
indicates  that  the  assaying  does  not  control 
the  amalgamation. 

Assuming,  however,  that  investigation 
has  shown  that  the  discrepancy  is  not  due 
to  such  "constant  errors,"  and  that  ^Ir. 
Waternieyer 's  view  is  the  correct  one,  does 
it  necessarily  follow  that  a  "  skew  " 
frequency  curve  results ".'  The  practice  of 
cutting    down    the    high    values    bv    one    or 


othi-r  of  the  methods  indicated  in  the  pa|>er 
apparently  supports  his  assumption,  but  it 
must  be  noted  that  the  ciilting  df>vvii  nuiv 
be  done  simply  to  meet  the  expected  dis- 
crepancy without  adnnttiri"  that  the  dis- 
crepancy is  really  due  to  tin-  high  values. 
The  autlwtrs  argument  is  that  while  the 
I' loo  note  in  the  church  plat*-  may  disturb 
the  aiilhnietie  mean,  it  does  jiot  greatly 
affect  the  "  mode  "  of  the  collection.  On 
(he  other  hand,  tiir  tlOO  note  makes  a  big 
difference  to  the  total  _\ield. 

Mr.  Waternieyer  accepts  the  asyuimetr\ 
of  the  frecpiency  curves  and  gives  us  two 
examples,  without  discussing  possiiile 
causes  of  the  "  skewness. "  It  is  very 
ditficult,  however,  to  imderstand  why  the 
high  values  should  hive  this  effect,  pro- 
vidi'd  the  sampling  and  assaying  of  ri(di 
areas  is  reasonably  correct.  In  a  ri(di  bl'K'k 
of  ore  there  shoidd  be  just  as  much  chance 
of  abni.rmally  low  values  as  of  abnornutlls 
high.  One  exjiuiple  of  a  statistical  skew 
frequency  curve  is  given  in  the  paper,  vi/... 
the  drawing  of  white  and  black  balls  from 
a  luunber  in  which  the  blacks  to  the  wliit«'s 
are  as  2  to  1;  but  it  is  doubtful  if  this  is 
strictly  analogous,  since  in  the  curve  given 
onlv  the  percentage  of  white  balls  drawn  is 
considered.  In  any  case,  it  would  appear 
necessarx  before  i)lotting  the  frecjuenc.v 
polygons  to  re-sample  the  areas  of  high 
values.  If.  however,  further  investigation 
continued  to  result  in  "  skewness  "  of  the 
frequency  curves,  then  the  author's  method 
must  be  considered  thoroughly  rational. 
The  writer  admits  to  great  difficulty  in 
understanding  these  "skew"  curves;  two 
examples  are,  however,  given  in  the  paper, 
and  if  substantiated  by  further  evidence  it 
is  difficult  to  see  how  Mr.  Watemieyer's 
argument  can  be  got  over.  His  argument, 
in  brief,  seems  to  be  as  follows  : — 

For  some  reason  or  reasons  unknown 
abnormally  high  values  have  more  than  their 
due  effect  on  the  method  of  estimating  ore 
reserves  as  based  on  the  arithmetic  mean. 
This  is  borne  out  by  the  "  skew  "  frequency 
curves,  because  if  these  were  symmetrical 
the  arithmetic  mean  would  be  the  most 
j^robable  mean.  It  is  not  necessary  to 
investigate  the  matter  further,  because, 
even  though  something  in  the  nature  of 
constant  errors  in  sampling  or  assaying  is 
indicated,  a  sufficiently  approximate  correc- 
tion can  be  made  by  a  rational  system  of 
weighting. 

If   the   above    is    an\thing   like   a   correct 
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siuteuieiu  (jI  the  author's  argument,  it 
means  tliat  he  proposes  to  correct  for 
biassed  errors  by  apjihing  the  theorv  of 
probubiUtv,  and  we  are  told  in  hooks  oii  tlie 
subject  that  it  is  njost  inijiortant  to  ehmin- 
ate  such  errors  if  at  all  possible. 

Whetiier  ^Ir.  Watermeyer  s  system  is 
feasible  in  jtractice  is  a  matter  for  mine 
valuators  to  decide.  It  may  be  remarked, 
however,  that  the  method  of  obtaining  the 
smooth  weighting  curve  from  the  frequency 
polygon  is  fairly  complicated,  and  that  all 
that  would  appear  necessary  or  justifiable, 
ronsidering  the  many  sources  of  error,  is  a 
direct  smcKjthing  through  the  points  on  the 
t-mpirical  chart.  Small  errors  in  weighting 
would  not  greatly  atlect  the  final  result. 

^^  hatever  be  the  final  ojMnion  of  experts 
on  ]Mr.  Watermeyer's  ideas,  there  can  be 
no  doubt  as  to  the  value  of  his  paper,  since 
it  leads  up  to  an  investigation  as  to  whether 
quite  irrational  methods  of  cutting  do\\n 
values  need   \>v  ju-rsisted  in. 

Mr.  L.  D.  Hingle  (Mcmbcrj:  Mr.  Water- 
meyer  states  that  predictions  of  mine  grade 
ba.sed  on  the  arithmetic  mean  of  sample 
values  are  invariably  in  excess  of  the  mill 
return,  and  concludes  therefrom  that  the 
arithmetic  mean  of  mine  sampling  results  is 
not  the  most  probable  mean.  He  cr)nsiders 
that  the  discordance  between  mine  sampling 
and  mill  return  is  mainly  brought  about  by 
attaching  equal  importance  to  every  sample 
value  recorded.  Acting  on  the  assumption 
that  the  frequency  with  which  an  inch-dwt. 
value  has  occurred  in  a  particular  mine  in 
the  past  is  a  measure  of  the  weight  to  be 
attached  to  that  value  when  met  in  a  cur- 
rent working  place,  he  develops  a  method 
of  averaging  a  number  of  samples  on  this 
basis. 

The  fact  that  the  average  value  of  ore 
I^er  ton  mined  as  comnwnly  calculated  from 
mme  sampling  is  almost  invariably  in  excess 
of  the  average  value  per  ton  as  deduced 
from  milling  value,  is  readily  conceded,  but 
the  discrepancy  is  almost  entirely  due,  in 
my  opinion,  to  causes  which  have  nothing 
to  do  with  the  method  of  averaging  values. 
These  causes  may  convenientlv  be  divided 
into  two  classes,  the  first  dealing  with  con- 
siderations of  tonnage,  and  tlie  second  of 
value. 

It  is  a  well-known  fact  that  over  a  long 
period  the  trmnage  obtained  from  the  stopes   j 
in   a   mine   is    invariably   in    excess   of   that   I 
broken,    as    calculated   from    the    measured   ' 
stope  width  and  fathomages,  due  allowance   ' 


being  made  for  any  reef  put  into  packs  or 
left  lying  underground.  There  is  always  a 
certain  amount  of  tonna2;e  which  cannot  be 
accounted  for.  Where  does  this  excess 
tonnage  come  from,  and  Mhat  is  its  effect 
on  tlie  average  grade  as  determined  by  mine 
samj)lin<r ;' 

Among  the  ])Ossible  sources  to  which  it 
can  be  traced  we  may  mention  the  follow- 
ing :— 

('0  Tile  sam|)ler  may  have  erred  on  the 
siiiall  side  in  measuring  his  stope  width. 
This  is  without  doubt  a  common  occurrence, 
the  width  being  taken  too  close  to  the  face, 
or  allowance  not  being  made  for  increased 
width  when  cutting  through  faults. 

(/»)  A  certain  amount  of  rock  may  be 
added  to  that  broken  in  the  stope  face  b\ 
the  breaking  away  of  hanging  or  footwall. 
This  rock  will  usually  be  waste  or  bands  of 
very  poor  reef,  having  a  gold  content  much 
below  that  with  whicli  everv  ton  from  the 
stope  is  being  credited,  and  there  is  grave 
danger  of  much  of  this  low  grade  rock  or 
waste  being  sent  out  of  the  stope  labelled 
with  the  value  of  the  face  sampling. 

(c)  Underestimate  of  tonnage  derived 
from  reclamation  and  sources  other  than 
straight  stopiug  is  probably  a  common 
occurrence  in  many  mines.  In  those  pro- 
perties more  particularly  wliich  have  very 
extensive  workings,  it  is  difiicult  to  kee]) 
account  of  every  ton  of  rock  derived  from 
reclamation.  In  the  subsequent  allotment 
of  tonnage  to  individual  working  places  a 
portion,  at  least,  of  any  such  rcx-k  of  which 
the  surveyor  has  no  knowledge,  is  credited 
to  current  stoping.  Any  such  reclamation 
tonnage  will  usually  be  of  lower  grade  than 
the  ore  being  derived  from  stope  faces. 
This  will  be  confirmed  by  a  'dance  at  the 
average  value  put  on  other  source  tonnage 
in  a  large  number  of  mines,  apart  from  any 
error  introduced  in  the  actual  sampling  of 
reclamation  points  as  refeired  to  later,  and 
the  possibility  of  the  miner  approj^riating 
any  waste  lying  around  in  old  workings, 
which  the  sampler  has  not  considered  in 
estimating  his  average  gold  content. 

Gold  derived  from  such  operations  as  the 
removal  of  rich  footwall  leaders  which  have 
previously  been  allowed  for  in  the  valuation 
of  a  block  of  ground,  but  have  been  left 
behind  accidentally  on  stoping,  cannot  be 
credited  to  reclamation.  This  gold  must  be 
added  to  that  obtained  from  stojjing  in  the 
area  in  question,  otherwise  tlie  gold  obtained 
from  the  block  will  apparently  fall  short  of 
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tlif    t'stiin.itc.    even    though    the    hittt-r   iiim\ 
hiiVf    hi'fii   ijiiiti'   cdiTc'ct. 

(r/j  Sovt'ial  siiiallcr  tactt)rs  mi'^'lit  •,'i\t' 
rise  to  ii  (liscicpaiicN  l)c'tv\i'cii  Ions  Iruiiuiiccl 
and  l)i()l\c'n,  siicli  as  onjissions  in  thf  sur- 
vivor's nu'asurccl  tathonia*,'*'.  oi-  an  crnir  in 
specitic  f^ravitv  in  (Ictcrniining  the  lonna^'c 
fontaiiU'd  in  a  •^mncu  xdhuuc  (if  rock  hi  silii. 

An\  ovt'rt'stiinatc  of  (he  tonnaj,'c  milled 
on  thi-  jiart  nf  thr  ini'taUur^'ical  ofHcials  will 
not  oidy  incn'asi'  ihc  discrrpaiicv  liotwcon 
tons  hrola'U  and  lianinicd,  liut  will  also 
reduc'i'  tlic  avt'ia>4c  mil!  ;,'radc  pel-  ton  to  an 
iiK'orrtctly  low   fisniT. 

Whatever  mav  he  the  origin  of  the  excess 
tonnage,  tlu-re  van  lie  no  dou!)t  that  it  is 
always  with  us,  and  the  jirohahility  is  that 
it  is  mainly  waste  or  rock  of  very  low  grade. 
!Most  of  it  can  prohahly  lie  traced  to  sou  ices 
(a)  and  (h),  when  its  gold  content  will  ije 
practically  nil. 

]t  nuist  be  borne  in  mind  that  the  sam- 
pler's dwt.  ])er  ton  value  hascd  oti  liix 
innisurrd  widfli,  is  the  figure  on  which  the 
average  value  of  the  ore  mined  is  calculated. 
This  width  is  invariably  too  low.  Supposing 
a  sam])ler  takes  a  number  of  sections  in  a 
stope  and  arrives  at  an  arithmetic  mean  for 
the  inch-dwt  value  of  that  stope.  His  aver- 
age iiich-dirf.  value  may  be  quite  correct, 
but  his  did.  per  ton  vdltie  irill  he  too  Jiigh 
if  his  measured  width  does  not  approximate 
to  the  calcidated  width  at  which  the  stope 
has  been  worked,  i.e.,  the  average  width 
which  the  stojie  must  eventually  have 
reached  by  some  means  or  other,  as  deter- 
mined by  the  fatbomage  broken  in  the  stope 
and  the  tonnage  trammed  from  it,  allow- 
ance being  made  for  reef  retained  in  ])acks 
and  elsewhere. 

It  is  a  well  established  fact  that  the  sam- 
])lers  measured  width  in  a  mine  in  which 
tonnage  is  not  being  accumulated  is  invaria- 
bly lower  than  the  calculated  width,  which 
is  directly  due  to  the  excess  tonnage  referred 
to  above.  A  few  widths  taken  over  a  period 
of  one  year  (1918)  will  illustrate  this  point: 
Measured  Calculated 

Width  Width 

Inches.  Inches. 

K.K.1'..M 52-0  Gl-0 

Wit.  Deep Bl'S  05-0 

Knight  Central       ...     71  "6  76' 7 

Eose  Deep  ...     71*9  79*2 

(reldenhuis  Deep   ...     r)0-7  fio'O 

If  the  samjder's  widtli  is  too  low.  his 
value  per  ton  must  be  too  high.  To  get  a 
more   nearlv   correct   figure   for  the  number 


of  dv\t.  we  may  credit  to  every  ton  of  rock 
trammed  from  a  stope  over  a  considerable 
piriod  such  us  a  year,  we  should  divide;  the 
average  inch-dwt.  \alue  (,f  the  stope  by  its 
calculated  widlli.  al\\a_\s  allowing  for  reef 
r.'lained  in  packs.  1(  will  then  be  found 
that  the  dwt.  per  ton  vahu'  of  the  ore 
mined,  liased  on  mine  samples  average-l 
arithnieticallv,  will  agree  <]uite  as  cJoKcly 
with  tln!  mill  return  as  samples  averaged 
on  Mr.  Watermeyer's  system.  When  con- 
sidering a  whole  mine  over  a  long  period. 
the  effect  of  accnnadati«in  or  withdrawal  r»f 
rock  from  individiud  stopes  will  usually  l)e 
small,  when  the  total  tonnage  min.-d  for  the 
pi'riod  is  considered. 

The  following  figures  frmn  a  few  mines 
based  on  a  year's  Wfirk  (1918 1  will  illustrate 
the  above  remarks.  ,\ssuming  the  mint; 
sampling  to  call  for  a  value  represented  In 
IdO,  as  determined  on  the  basis  outlined, 
the  actual  value  accounted  ff)r  in  the  mill 
has  been  as  follows: — 

(ieldenhuis    Deep  98' 7 

Knight  Central  92'9 

iJose   Deep      ...  '.isii 

Wit.   Deep 9(11 

The  effect  of  cutting  down  high  values 
by  one  of  the  methods  referred  to  iu  the 
early  part  of  Mr.  Watermeyer's  paper  is 
illustrated  by  making  a  similar  calculation 
on  the  year's  work  of  the  East  liand  J*ro- 
prietary  Mines,  on  which  one  such  system 
is  iu  vogue.  Taking  the  mine  sampling  to 
call  for  a  value  represented  by  100,  the 
actual  value  accounted  for  in  the  mill 
during  the  year  was  lOo'S.  It  is  obvious 
that  tigures  such  as  the  latter  cannot  be 
used  for  determining  the  true  state  of  affairs 
or  for  making  comjiarisons  between  the 
actual  sampling  and  the  mill  return.  Calcu- 
lations have  been  based  on  a  year's  opera- 
tions, since  the  average  mill  grade  deter- 
mined on  mill  yield  plus  i>ulp  for  any 
particular  month  may  be  influenced  to  a 
considerable  extent  by  fluctuations  in  the 
mill  clean-up. 

The  ab<jve  flgures  are  taken  from  mines 
in  which  the  amount  of  broken  ore  accumu- 
lated underground  during  the  period  under 
review  was  small  compared  with  the  total 
tonnage  mined.  We  may  reasonably  infer 
that  the  same  conditions  of  excess  tonnage 
and  value  exist  in  a  mine  which  is  tem- 
porarily a^-cumulating  a  considerable  quan- 
tity of  br(»ken  ore  in  stopes.  with  the  result 
that  less  tonnage  is  being  trammed  than 
broken. 
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Considerations  of  value. — Attention  may 
be  calleil  to  two  eonnnon  sources  of  error  in 
aetu;il  sampling  wiiicli  tend  to  credit  the 
ore  mined  with  an  unduly  liisrh  value,  and 
which  may  easily  be  responsible  iV>i-  a  final 
discrepancy  of  2/    or  3"   : — 

1)  It  is  a  common  thinp;  for  an  inexjieri- 
cnced  man  to  salt  a  sample  unconsciously 
by  overstating:  the  width  over  which  the 
sample  is  taken,  with  the  result  that  the 
inch-dwt.  value  returned  for  the  section  is 
too  hicjh.  This  error  is  especially  apt  to 
creep  in  when  narrow  bands  of  reef  are 
being  sampled. 

(2)  Tonnage  from  reclamation  is  often 
returned  at  an  unduly  high  value. 

It  is  sometimes  difficult  for  a  sampler  to 
make  a  close  estimate  of  the  amount  of 
exterior  waste  which  will  actually  be  broken 
with  the  reef  in  such  operations  as  foot- 
walling,  more  especially  since  the  hanging 
and  footwalls  are  often  bad  in  localities 
where  old  workings  exist.  It  is  more  than 
likely  that  the  width  over  which  the  sam- 
|)lers  dwt.  per  ton  value  is  estimated  is 
often  exceeded  in  jjractice,  with  the  result 
that  a  certain  amount  of  waste,  which  he 
has  not  allowed  for.  is  trammed  out  and 
credited  with  a  gold  content  which  it  does 
not  possess. 

.\ny  errors  in  actual  sanioling,  such  as 
these,  cannot  be  deteraiined  or  allowed  for, 
in  contrast  with  errors  introduced  by  ton- 
nage considerations  as  outlined  above. 
Their  effect  will  be  to  cause  the  mine  sam- 
pling to  call  for  a  higher  value  per  ton  than 
that  obtained  in  the  mill,  but  this  will  be 
counterbalanced  to  a  certain  extent  by  any 
gold  which  may  be  contained  in  the  excess 
tonnage  from  stopes. 

It  is  probable  that  in  sonje  mines  insuffici- 
ent care  is  taken  that  all  the  fine  is  swept 
out  of  the  stopes.  The  not  inconsiderable 
amount  of  grJd  contained  in  this  fine  has 
been  put  to  the  credit  of  the  ore  taken  from 
the  stopes,  and  if  some  of  this  gold  is  left 
in  the  mine  we  cannot  expect  to  account  for 
it  all  in  the  mill. 

Mr.  Wateirne^er  uses  all  tlio  recorded 
section  values  in  stopes  over  a  period  of, 
say,  twelve  months,  and  from  the  frequency 
of  occun-ence  of  the  various  values  he  con- 
structs the  table  which  he  uses  for  weight- 
ing individual  inch-dwt.  values  when  they 
appear  in  stopes.  Xow,  unless  the  samples 
taken  during  the  year  have  been  spread 
uniformly  over  the  rich  and  poor  stopes,  his 
curve   of   frequency   will   not   represent   the 


most  probable  weight  to  be  placed  on  indi- 
vidual values.  In  practice,  it  frequently 
happens  that  it  is  not  p(^ssible  to  have  every 
stope  sampled  each  month,  consequently 
the  rich  stapes  are  commonly  left  over  while 
those  near  the  ])ay  limit  are  sampled  more 
frecpiently.  This  would  result  in  the  lower 
inch-dwt.  values  being  given  an  undul\ 
heavy  weight  hi  tlie  curve,  and  all  the  stojx" 
sampling  would  be  discounted  to  a  greater 
extent  than  justifiable,  even  assuming  the 
premises  on  which  tlie  curve  is  constructed 
to  be  con-ect.  In  such  a  case  it  would 
appear  to  be  safer  to  make  use  of  develop- 
ment values  only,  since  they  are  at  least 
spread  uniformly  over  the  mine,  and, 
generally  speaking,  the  most  ex])erienced 
sampler  is   j)ut  on  development  work. 

To  get  data  to  which  such  an  exact 
mathematical  treatment  could  be  applied,  it 
would  be  necessary  to  have  samples  taken 
at  predetermined  equidistant  points  all  over 
the  reef.  This  could  only  be  done  by  divid- 
ing up  tlie  plane  of  the  reef  into,  say,  o  ft. 
or  10  ft.  squares,  and  taking  samples  at 
the  corners  of  these  squares.  Such  an 
undertaking  could  never  be  successful!  \ 
accomjdished  in  any  mine. 

With  regard  to  the  practical  application 
of  the  frequency  table  to  oi'e  reserve  valua- 
tion, it  seems  ])robable  that  on  a  large  mine 
the  process  will  be  very  laborious.  Everx' 
single  inch-dwt.  value  around  the  perimeter 
of  each  block  will  have  to  be  multiplied  by 
its  weitrht  separately  in  the  process  of  mean- 
ing. Tliis  will  ])e  the  case  if  I  am  correct 
in  assuming  that  it  will  be  impossible  to 
construct  a  ])ermanent  table  for  each  mine, 
showing  the  original  inch-dwt.  values  and 
the  corresponding  weighted  values,  since 
tlie  weights  will  have  to  be  revised  each 
year  to  take  into  consideration  the  latest 
sampling  results.  With  development  values 
at  o  ft.  or  10  ft.  intervals,  the  ore  reserve 
calculation  will  iiecome  a  much  longer 
operation  than  on  the  common  method,  in 
which  an  siverage  value  can  be  put  in  repre- 
senting a  distance  of  oO  ft.  or  100  ft.  or 
more. 

In  conclusion,  I  am  of  opinion  that 
.M)'.  W'atermeyer's  method  of  averaging 
samples,  wliile  extremely  ingenious,  does 
not  take  into  consideration  the  root  of  the 
trouble.  Before  attempting  to  apply  any 
debatable  method  '.f  avei-agijig  values,  we 
should  investigate  lulls  and  eliminate  as  fai' 
as  ])ossible  the  considei-able  errors  intro- 
duced   by    factors    such    as    those    outlined 
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!il»')\c.  No  maltor  what  m.-lliml  is  ns.ii  i<. 
liiid  lla-  most  |)rol)al)li'  avi'ia^'r  value  irpif- 
sentid  l)\  a  miMihiT  of  s:t!M|tUs,  tliere  can 
l)f  111)  ditiiht  that  the  considerations  of  ton- 
ni\iiv  and  value  refenv<l  lo  jinist  he  ;,Mv»'n 
due  weight.  W'lu-n  this  is  done  it  will  he 
found  that  predictions  hased  on  the  arith- 
metic mean  of  sampling'  n-sults  will  ii;,'ret.- 
as  closely  as  can  he  expected  in  practice 
with  the  mill  return,  moie  especi  illy  when 
it  is  reniemhered  that  it  is  a  f^oc>d  mine  in 
which  the  f,'old  content,  hy  volume,  is  2 
parts  ])er  million  of  ore.  In  (ther  words, 
the  method  commonly  adoittt'd  for  finding 
the  averai;;e  value  of  a  numher  of  samples 
is  not  res|)onsihle  to  any  important  extent 
for  the  discrepancy  between  the  value  of 
the  ore  mined  as  determined  hy  the  mine 
sampling  and  by  the  mill  returns.  The 
discordance  is  largely  i)rouglit  about  by 
crediting  considerable  toimages  of  waste  or 
very  low  grade  rock  with  the  average  value 
of  the  current  stope  sampling,  and  is  further 
aggravated  l)y  actual  errors  in  sampling 
such  as  til  )se  referred  to  above. 
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DISCUSSION. 

Mr.  T.  P.  Waites  (Mcmficn:  Mr.  Bau- 
manns  ]>a|>er  touches  on  some  matters 
which  may  be  classed  as  highly  contrjver- 
sial.  For  instmce,  one  finds  tlierein  :  Hall 
opines  that  the  "'  ancients  "  were,  ficbably, 
Semitic.  On  what  authority  is  not  stated 
The  word  Semitic  has  a  very  compr'-^honsivo 
ai)plication  ;  it  is  not  applied  to  the  Hebrews, 
or,  to  the  Jews,  only,  Init  to  Assyrians, 
Arameans,  Ethiopians,  Phoenicians,  an.l 
Arabs.  But,  until  some  concrete  evide'ico. 
some  hard  fact,  such  as  a  skull  of  one  of 
the  "ancients,"  be  found,  who  these 
ancients  were,  and  whence  they  came,  may 
be  considered  a  mystery.  Guessing  will  not 
solve  this  mystery,  and  Hall's  statement  is 
merely  a  guess.  Perhaps  these  ancients 
were  of  the  same  species  as  the  chimpan- 
zees, which,  so  Stanley  and  Em  in  Pasha 
tell  us,  go  about  with  limited  torches  on 
their  predatory  night  raids. 

It  is  customary  to  jnit  down  evidences 
of  imcient  niininir  to  the  time  of  Solomon — 
to  the  Semites.  When  the  riches  of  Mexico 
and  of  Peru  were  looted  by  tlie  Spaniards 
under  Cortes  and  Pi/.arro  {hnth  in  the  name 


i|  liie  (.  ln>.v)  iarl\  111  IJie  si.xteeillh  celilurv  , 
at  fuiee  it  was  given  out,  accepted,  uMil 
believed  that  each  of  these  lands  was  the 
land  of  Ophir.  The  Jews  never  toiled, 
neither  did  they  spin,  except  under  compul- 
sion, as  in  Egypt ;  and  even  if  some  Semitic 
people  did  "  work  "  the  gold  mines  of 
Khodesia,  the  tin  and  the  copper  mines  of 
the  Transvaal,  they  would  work  them  by 
j)roxy,  i.e.,  they  would  compel  the  then 
natives  to  work,   forced  or  paid  work. 

So  far  not  any  remains  of  these  ancient 
miners  have  been  found,  no  burial  (dace,  no 
tangible  trace,  .\gain.  there  are,  or  were, 
at  Zimbabwe,  such  evidences  of  jihallic 
worship,  that  we  have  still  \i,  bring  in  agree- 
ment this  worsiiip  with  the  Semites.  One 
sees  such  evidences  of  phallic  worship,  also. 

in    the    Museo    Profano    at    Napl--       \    in 

Pompeii. 

The  f)ef)j)les  of  countries  so  far  ap  irt  as 
Egypt,  Mexico  and  Peru  made  use  of  bronze 
implements.  So  also  did  the  ancient  tin 
minei-s  of  the  Transvaal.  There  is  not  any 
evidence  of  any  communication  Ix-tween 
Egyjit  and  Mexico,  nr)r  l)etween  Mexico  and 
Peru,  and  yet  with  abundHnce  of  iron  about 
all  three  made  use  of  bronze  tools.  It  is 
permissible  to  sujipose  that  the  ancient  gold 
miners  of  Khodesia  also  used  implements 
of  bronze.  Were  the  bronze  implements  in 
use  by  these  ancient  tin  miners  manufac- 
tured on  the  s|)ot  rir  was  the  r  iw  material 
ex])orted  and  retvuTied  as  the  manufactured 
article  ? 

Humboldt  brought  back  with  him  from 
Peru  an  "  ancient  "  Peruvian  bronze  chisel, 
which,  on  Iteins  analysed,  was  found  to  be 
made  up  of  04"  cojiper  and  <>'  tin.  Mr. 
Baumann  has  given  us  the  analyses  of  the 
bronze  implements  of  the  ancient  tin  miners. 
I  have  not  at  hand  any  record  of  the 
analyses  of  bronze  tools  from  EgApt  or  from 
Mexico. 

A  current  example  of  "  ancient  "  mining 
methods  can  be  seen  in  Madagascar.  Tana- 
narive is  that  land's  Zimbabwe:  Europeans 
its  "  ancient  "  miners.  Learned  treatises 
are  extant  showing  that  the  ^lalagasy  are 
of  Jewish — '■  Semitic  " — origin,  because  of 
certain  prevalent  customs  and  practices. 
But,  the  philologist,  the  anthropologist,  the 
ethnologist,  and  the  measurer  of  heads 
come  along,  and  prove,  by  comparison  of 
living  peoples,  of  skulls,  skin.  hair,  and 
speech,  that  the  Malgasy  are  Malayo-Poly- 
uesian,  and  not  Semitic  whose  nearest 
relatives  are  to  be  found  i''  the  little  island 
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of  Nias.  to  the  v\est  of  Sumatra,  B,000  milps 
oast  from  ^Madajjascar  across  tin  Indian 
ocean,  not  (»n  the  Continent  of  Afriia,  24(> 
west  across  the  Mo/.aml)i(]ue  ("liannel,  nor 
in  Arabia,  to  the  north,  tlie  home  of  the 
Semite.  Of  race  and  the  origin  of  race, 
unless  we  have  some  hard  facts,  guessing 
may  interest,   but  it  will  not  convince. 

The    Sj)aniards   j)ursued   their   search    for 
gold    in   the   I'eruvian   Andes,    for   silver   in 
the  mines  of  Potosi,    with   the   accom])ani- 
ment    of    most    awful     atrocities    to    their 
Indian   workmen.     It  is   probable   that   the 
"  ancients  "   pursued   their  search   for  gold 
in   Ehodesia.    for  tin   in   the   Transvaal,    bv 
means    of   corvee    or    forced    laboui',    or    by 
actual   slavery.      Permit    me    here   to   state 
that   when   in   my  wanderings   I  landed   at 
Tamatave  many  years  ago,   I  was  told  not 
t<^   go   into   the   interior  in    search   of   gold. 
To  find  gold,  to  dig  for  gold,  was  then,  and 
had  been  from  time  immemorial,   a  capital 
crime.        Gold,    said    the    ^Malagasy,    would 
attract   and   bring  to  their   land   the   white 
man,    and   the    coming   of   the    white    man 
meant    the    end    of    native    control    of    the 
island.     So  it  has  proved.     This  is  compara- 
ble  to  the    tradition   among   the   Aztecs    of 
^Mexico,  and  the  Indians  of  Peru.     Whence 
came  this  parallel  idea  of  the  Hova  ?     Were 
stories  of  the  ancient  gold  and  tin  mines  of 
^lonarnatoppo    carried    across    the    IVIozam- 
bique,    or   had    tales    of   the    deeds    of    tlie 
Spaniards   in   the  gold   and  silver  mines  of 
Pei-u   drifted   across   the   wide  Pacific   from 
island  unto  island,  thence  across  the  Indian 
Ocean  to   Madagascar  ?        One   language   is 
spoken  by  all  the  peoples  in  all  the  islands 
from    Easter    Island    to    ^ladagascar,     and 
these    islandei's   were,    and  still   are,    skilful 
navigators.      One   interpreter  was   sufificient 
for  Captain  Cook  in  his  long  voyages  among 
the  islands  of  the  Pacific. 

Hall's  statement  that  the  "  ancients  " 
were  Semites  appears  to  me  to  be  about  on 
a  par  with  Voltaire's  statement,  made  in 
17G8,  when  he  was  indulging  in  abuse  of  ; 
the  geologists  of  that  time.  Oysters  had 
been  found  on  ]Mont  Cenis  :  Voltaire  is  of  | 
opinion  that  they  fell  from  the  hats  of 
Pioman  pilgrims ! 

I  have  wandered  somewhit  from  "  the 
ancient  tin  mines,"  but  the  statement,  ' 
unsupported,  that  the  ancient  miners  were 
Semites  is,  perhaps,  an  ample  and  legiti-  I 
mate  excuse  for  my  wandering.  To  me,  ' 
who  these  ancients  were  and  wlience  thev  i 
came  is  still  a  . 'ery  open  question,  and  will  j 
be  imtil  facts  i  >place  .guesses.  | 
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Tin:  C'vAXiDi;  Pkockss  :  Its  Coxtkoj,  axu 
Oi'KitATiox.  By  A.  W.  Faiirenwalii, 
K.M.,  Met.E.  London:  Chapman  X 
Hall,  Limited,  1018.  Willi  ;57  illus- 
trations, 256  pages,  4  in.  x  (i.V  in. 
Price  9  0  nett. 

This  book  is  not  j)riniaiily  concei'ued  with 
the  details  of  practical  operations,  but  is 
rather  intended  as  a  laboratory  guide,  both 
for  the  investigation  of  ores  as  to  their 
suitability  for  cyaniding  and  for  the  conduct 
of  the  necessary  tests  in  an  operating  plant. 
It  is  somewhat  curious  that  the  references 
to  local  literature  are  very  scanty,  and  that 
some  loss  is  incurred  by  the  strict  confine- 
ment to  American  practice.  For  example, 
Whitby's  well  known  modification  of  the 
copper  salt  method  of  gold  assay  is  refen-ed 
to  as  Clennell's  metliod,  and  the  addition  of 
sodium  sulphate  is  recommended  by  which 
the  whole  point  of  the  improvement  is  lost 
and  correct  results  cannot  be  secured. 

The  determination  of  available  calcium 
oxide  in  lime  by  the  method  given  is  not 
nearly  as  accurate  as  more  modem  methods, 
and  it  is  a  ])ity  that  the  author  has  not 
availed  himself  of  the  researches  pulilished 
in  this  Journal  on  the  subject. 

The  author  is  still  under  the  impression 
that  oxygen  is  not  necessary  for  the  reaction 
between  gold  and  cyanide,  and  quotes  the 
usual  type  of  obviously  inadequate  experi- 
ment in  proof  thereof.  In  a  section  headed 
"  Care  of  Copper  Plates, "  the  use  of  cyanide 
is  recommended  in  "a  very  good  wash  for 
general  purposes" — a  vicious  practice  long 
since  abandoned  in  modern  jilants  in  this 
country. 

The  "student  and  beginner,"  to  whom 
this  volume  is  confessedly  addressed  cannot 
hope  to  make  much  of  the  following  para- 
graph, which  heads  the  chapter  on  useful 
data,  without  explanation  or  even  com- 
ment : — 

"  Torque  units  should  be  distinguished 
from  energy  units :  Thus,  foot-j)Ound  and 
kilogram-meter  for  energy,  and  foot-pound 
and  meter-kilogram  for  torque." 

Notwithstanding  the  defects  mentioned, 
this  little  book  is  excellently  got-up,  with 
very  clean  illustrations  and  considerable 
freedom  from  typographical  errors,  and 
should  prove  a  very  useful  help  to  anyone 
starting  laboratory  practice. 

fl.  A.  W, 
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CHEMISTIIV 

Sodium  Cyanidi:. — "For  tlio  past  year  lyamdis 
liiivi'  for  tlie  lirst  time  been  .sold  on  tlie  ba.sis  ol' 
tlicir  cyanogen  content,  the  purest  technical  sodium 
compound  containing  '  sodium  cyanide  96%  to 
9S",,'  or  'cyanogen  51",',  to  ij'i",,,'  whilst  the  old 
so  called  '98".,  K('.\  '  contained  about  39%  of 
cyanogen.  Commercial  fused  sodium  cyanide  con- 
tains only  a  trace  of  potassium  and  not  more  than 
2%  to  4%  of  total  impurities.  It  is  largely 
prepared  synthetically  liy  heating  sodium  amide 
(produced  by  the  interaction  of  amnn.'nia  and 
metallic  sodium)  with  carbon.  The  most  recent 
metiiod  of  [ireparing  it  foi-  the  market  is  to  cast 
it  mechanically  into  egg-shaped  caUes  weighing 
1  o/.  For  technical  purposes  the  most  convenient 
method  of  determination  is  to  titrate  the  solution 
.V/20  silver  nitrate  solution  (1  cc.  =5  mgm.  of 
ci>nmiercial  NaCX),  with  potassium  iodide  as  indi- 
cator. The  burette  readings  then  also  give  directly 
'  lb.  jier  ton  of  solution.'  Foi-  tiie  (leterminati<in 
of  sodium  and  potassium  in  mixed  cyanides,  in 
which  chlorides  and  carbcmates  are  the  usual 
impurities,  it  is  often  practical)le  to  evaporate  the 
salt  with  hydrochloric  acid,  to  ignite  the  residue 
gently,  to  weigh  the  mi.\ed  chlorides,  and  to 
titrate  the  chlorine  in  ]iart  of  the  residue.  From 
these  data  the  proportions  of  sodium  and  potassium 
may  be  calculated.  Alkali  sulphides  may  be 
detected  by  shaking  the  cyanide  with  fine  lead 
carbonate  suspended  in  water ;  or  by  dissolving 
it  in  a  solution  of  silver  nitrate  containing  less 
than  1  mol.  AgXO,  for  2  equiv.  ON  :  or  by  dis- 
solving it  in  mercuric  chloride  solution.  In  each 
case  a  black  precipitate  or  dark  coloration  indicates 
the  presence  of  sulphide.  .Sodium  cyanide  is  not 
deliquescent,  and  is  much  more  soluble  than 
potassium  cyanide.  The  concentration  of  dilute 
solutions  may  be  approximately  ascertained  by- 
means  of  the  formula — 

(Sp.  gr.-l)x200  =  Gm.  NafX  per  IdO  cc. 
Strong  solutions  of  sodium  cyanide  differ  but  little 
in  stability  from  those  of  potassium  cyanide :  if 
anvthing,  thev  are  somewhat  more  stable." — W.  .1. 
SH.\RWOon,  /.  Ind.  En,j.  Chnu..  1918.  In,  292-295. 
— Journnl  of  the  Society  of  Chiinirnl  I nihtiitnj, 
June    1.5,    1918,    p.    299a.     (.J.    A.    W.) 


\1>\,    :i'.  I'',..        Ill-     -1.  ;  ill    IIj.- 

.same    ratio  an  tho   nitm.  ijt,  that 

under  very  acid  <iinditi'<i<  irijiii'.iiniiii  .>iilphate 
fiH'qut'iitiy  showed  a  higher  recovery  of  nitrogen 
but  a  much  smaller  crop  than  atnmonium  phoHphate. 
.'Vmmoniiitn  phosphate  produced  a  xmaller  increase 
in  soil  acidity  than  did  ammonium  suliihate.  There 
was  \ery  little  difTerence  in  the  availaoility  of  the 
phos[)!ioi'UK  in  ammonium  phospliate,  acid  plioM- 
phate  (superphosphate),  or  bat<ic  slag.  Ammonium 
jihosphate  showed  about  the  same  to.xicity  to 
germination  anri  early  growth  as  ammonium 
suljihate  and  less  than  .sodium  nitrate  or 
anmionium  chloride  when  applied  to  soils  in  high 
concentrations.  Of  the  crops  examined,  corn 
(maize),  buckwheat,  barley,  wheat,  and  oats  were 
resistant  to  large  applications  of  fertilisers,  while 
vetches,  rape,  and  cmvpeas  were  relatively 
susceptible.  .\s  a  fertiliser  ammonium  phosphate 
is  in  general  of  the  same  value  as  an  e<|uivalent 
amount  of  nitrogen  as  ammonium  sulphate  and 
phosphorus  as  superphosphate." — F.  E.  Ali-ison, 
,SV)//  Sri.,  1918,  .»,  \H(\.— Journnl  of  the  Sorietij  of 
Chiwirfil  Indnxtnj,   .May   1.5,   1918,   p.   2.52a.    (A.  W.) 


Some  Av.\iL.\BiLrrY  Studies  with  .\mmonium 
Phosphates. — "The  commercial  ammonium  phos- 
phate used  was  manufactured  by  the  American 
f'yanamid  Company  by  the  following  process. 
Ground  rock  phosphate  was  mixed  with  sufficient 
sulphuric  acid  to  liberate  the  whole  of  the 
phospheric  acid,  which  was  filtered  off.  Ammonia, 
generated  by  the  action  of  steam  on  calcium 
cvanamide  under  pressure,  was  bubbled  through 
the  phosphoric  acid  solution  until  di-ammonium 
phosphate  was  formed.  Sufficient  phosphoric  acid 
was  added  to  convert  this  into  the  mono-ammonium 
.salt,  and  the  solution  was  evaporated  to  dryness, 
giving  commercial  'Ammo-Phos.'  This  material 
contained  1.3-5"o  NH,  and  4.3°;  P.O.,  of  which 
965%  was  either  water-  or  citrate-soluble.  This 
was  compared  as  a  nitrogenous  fertiliser  with 
ammonium  sulphate,  dried  blood,  and  cottonseed 
meal,  and  the  average  nitrogen  recovery  for  six 
crops  on  Norfolk  sand,  ammonium  phosphate 
coming  first,  was  respectivelv  65SS,  Bl'lO,  43"74, 
and  4119°',,  and  on  a   Sassafras  loam   JSMi).  50-42, 


The  Setting  and  Hardening  of  Portland 
Cement. — "The  author  summarises  the  findings  of 
the  r.S.  Geophysical  Laboratory  and  the  liureau 
of  .Mines  on  the  nature  of  the  chief  constituents  of 
Portland  cement  and  their  influence  on  the  setting' 
process.  The  essential  components  of  the  clinker 
are  CaO,  AKO,,  and  SiO,,  and  a  good  cement  can 
be  made  from  the  three  pure  oxides.  In  commer- 
i  ial  cements  other  and  minor  constituents  are 
present,  but  their  influence  on  the  setting  is  purely 
secondary.  The  study  of  the  above  mentioned 
ternary  system  shows  that  in  a  well-burned  clinker 
three  compounds  are  capable  of  a  stable  e.xistence. 
viz.,  2CaO,SiO,  3CaO.  .SiO.,  and  .3CaO,Al,0,.  If 
the  time  and  temperature  of  heating  are  insufficient, 
then  free  lime  and  5Ca(),3A1.0,  are  al.so  present. 
Ail  these  compounds  have  been  identified  in  com- 
mercial clinkers  and  the  first  three  form  90%  of 
the  whole.  The  hydration  of  the  .separate  com- 
pounds was  studied.  Lime  hydrates  to  an 
amorphous  product  which  later  crystallises. 
5CaO,3.\1.0,  with  a  little  water  .-jets  rapidly,  but 
disintegrates  with  e.\ce.ss,  partly  owing  to  dissoci- 
ation and  partly  to  its  considerable  solubility  in 
water.  3r'a(),Ai,0,  with  water,  sets  and  hardens 
rapidly,  but  the  product  has  little  strength  in 
water,  being  comparatively  soluble.  Probablv 
there  is  first  formed  an  amorphous  hydrate  which 
crystallises  later.  2CaO.SiO,  sets  only  after  several 
months,  but  the  product  is  not  very  soluble.  Free 
lime  is  leached  out  by  water,  gelatinous  silica  being 
left.  If  sufficient  water  be  taken,  the  decomposi- 
tion can  be  carried  to  completion— a  process  which 
is  accelerated  by  the  presence  of  3CaO,Al,0,. 
.3CaO.SiO,  with  water,  sets  and  hardens  rapidly, 
giving  a  jjroduct  of  strength  comparable  with  that 
of  good  Portland  cement.  This  compound  is  the 
es.'sential  constituent  of  a  good  cement,  which 
contains  .30 — 35%,  of  it.  On  hydration,  free  lime 
is  extracted,  leaving  gelatinous  hvdrated  silica, 
just  as  with  the  dicalcium  silicate,  but  the  decom- 
position is  more  rapid  and  can  be  carried  to 
completion  if  washing  is  continued.  From  these 
observations  it  seems  that  the  setting  and  harden- 
ing of  cement  invrlve  the  formation  of  gelatinous 
hydrated  material  which  subsequently  partly 
crystallises.  The  initial  set  is  probably  caused  bv 
hydration  of  the  tricalcium  aluminate.  This  and 
hydration  of  the  tricalcium  silicate  are  re.sponsible 
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for  till  ii.udiics.s  and  cohesht-  strength  at  first. 
The  L'radual  increaiii*  of  strength  is  vliif  to  the 
continued  hydration  of  these  and  of  the  diralciuni 
silicate.  Oelatinnus  silica  is  probably  the  thief 
cenientinor  material,  just  as  it  appears  to  liave 
formed  the  original  binder  of  sand  grains  in  tough 
sandstones,  which  are  ideal  concretes." — G.  A. 
K.xxKix  Faraday  Soc.  Jan.  14,  1918.  (Advance 
proof.)  6  pages. — Journal  of  the  Societi/  of 
Chtniical  Indu^lnj,  Fob.  28,  1918,  j).  90.\. 
{.!•   A.   W.)  

METALLURGY. 

Special  Golp  Recovery  Processes.  —  "Mr. 
Kirby  Thomas  lalls  attention  to  the  fact,  reported 
by  jolni  Mawe  a  century  ago.  that  Brazilian 
natives  mixed  the  juice  of  certain  bruised  lierbs 
with  the  water  in  wliich  they  finished  the  painiing 
of  gold  from  black  sand,  and  also  mentions  the 
addition  of  the  leaves  of  an  oak-like  tree  to  falunip''. 
or  primitive  Chilean  mills,  used  for  grinding  ore  in 
Sinaloa.  Mexico.  This  use  of  plant  juice  to  facili- 
tate the  settling  or  concentration  of  "float"  gold 
has  been  mentioned  by  several  other  writers. 

\'olume  20  of  tlie  Proceedings  of  the  Institution 
of  Mining  and  Metall  irgy  (1911)  contains  two 
papers  on  the  Passagem  and  Ouro  Preto  mines  in 
the  province  ci  Minas  Geraes-  Brazil.  One  of 
these,  by  R.  H.  Kendall,  describes  (pp.  28-60)  the 
modern  treatment  of  the  bismuthic  gold  ore  of 
Ouro  Prato  by  stamp-milling  and  concentration  on 
blankets  followed  by  frue  vanners.  The  very  rich 
blanket  concentrate  (largely  free  gold)  is  re- washed 
over  a  small  blanket,  yielding  a  final  concentrate 
caiTving  about  80  per  cent.  gold.  "The  water 
used  in  this  operation  is  a  solution  containing  the 
juices  of  the  leaves  of  the  jurupeha,  and  is  very 
effective  in  preventing  float  gold.  ...  At  the  end 
of  each  day's  operation  the  jtnvpfhri  solution  is 
filtered  off  by  suction   and  .stored  for  next  day." 

In  discussing  this  paper,  H.  L.  Sulman.  president 
of  the  Institution,  called  attention  to  the  use  of 
this  herb — presumably  containing  saponin — which  he 
interpreted  as  reducing  the  surface  tension  of 
water.  Sulman  had  previously  patented  the  use  of 
soap  solution  for  settling  float  gold  and  slime 
'Brit.  pat.  24,939.  of  1893  and  8.405  of  1894).  The 
plant  was  stated  to  be  Solanitrn  paniiuhifiim,  of 
the  nightshade  or  potato  family,  and  also  locally 
called  lifrra  de  mhoo  (soap  plant).  Other  plants, 
including  a  variety  of  passion-flower,  were  also 
said  to  be  employed  for  the  same  purpose  in  the 
di'tvict  referred  to  above. 

The  same  thing  had  also  been  recorded  by  Alex- 
ander C'alcleugh  ("Travels  in  South  America.  1819- 
1821";  published  in  London.  1825).  A.  G.  Lock 
("Gold,"  p.  227)  says:  "The  overseer  showed 
f'aldeugh  some  plant.s  whose  juice  is  squeezed  into 
the  bfiwls  containing  gold,  to  carry  down  the  lighter 
part'des.  There  were  several  plants  in  common 
use  for  this  purpo.se,  but  the  one  generally  pre- 
fyrred.  from  its  containing  more  juice,  was  called 
i/'ihnnihfi ;  it  appeared  to  be  a  Solan iim.  The  leaves 
had  a  bitter  taste  and  gummy  feel."  This  was  at 
a   nlace  one  league  from   Passagem. 

In  the  Philinpine  Islands  a  pcjd-bearing  vine 
{f'Jnffulft  Pur-<ii<tha  or  I'Jnfoda  ■Tondfin.-f,  called  f/o<jo 
or  hdhxjo  by  the  natives)  is  used  in  piiuiing  gold 
vi'ith  the  batea.  This  cfjntains  saponin  and  was  the 
subject  of  an  investigation  and  report  by  the 
Philippine  Bureau  of  Science  a  few  years  ago.  It 
was  also  mentioned  by  Lock  ("Gold,"  p.  358). 

Something   similar   has,    I   believe,    been    reported 


as  used  by  the  iialivi-  gold  was] icrs  of  Sarawak 
(Borneo)  and  Sumatra;  I  have  also  lieard  vaguely 
of  an  iieib  used  by  .Mexicans  in  California  and 
Lower  California.  The  latter  is  probably  one  of 
several  well  known  liliaceous  plants  called  soap-root 
or  fiinofi'.  the  roots  of  which  contain  enough  saponin 
or  allied  substance  to  lather  freely  with  water. 

Saponin  as  an  anti-flotative  agent  has  been  dis- 
cussed to  some  extent  by  Hoover,  Rickard,  and 
other  writers  on  flotation.  It  evidently  occurs  in 
l)lants  differing  widely  in  character  and  distribu- 
tion, which  include  tlie  horse-cliestnut  and  the 
numerous  soap-roots,  soap-bavks.  soaji-berries,  etc. 
Its  ajiplication  to  float  gold  apyiears  from  the  above 
to  be  confined  to  jieople  of  a  relatively  low  stage  of 
civilization.  That  it  "  works  "  is  evident  from  its 
continued  use  in  Brazil  for  a  hundred  years." — 
W.  J.  Sh.xewooi),  CJiriiiiral  and  M  (((dlurqicdl 
Enfjineering,  July   15,   1918,  p.   63.     (J.   A.  W.) 


Treatment  of  Raditm  Ores. — "  The  average 
radium  content  of  commercial  ores  is  5 — 10  mgm. 
per  ton.  The  treatment  aims  at  first  obtaining  a 
barium  radium  sulphate  concentrate,  which  may 
be  effected  by  several  methods.  The  ore  may  be 
boiled  with  alkaline  carbonate  solution  or  fu.'^ed 
with  the  solid  salt,  whereby  uranium  and  vanadium 
are  rendered  soluble.  The  residue  is  leached  with 
hydrochloric  acid.  In  the  Radcliffe  process  the 
ore  is  fused  with  saltcake,  the  fusion  product 
crushed  and  agitated  with  water,  and  the  liquor 
separated  from  the  heavy  unattacked  material.  The 
turbid  solution  is  left  to  settle,  when  it  deposits 
sulphates  of  barium,  lead,  and  radium.  In  the 
I'.S.  National  Radium  Institute,  the  material  is 
boiled  with  40%  nitric  acid,  in  which  the  all'.aline 
earth  sulphates  are  appreciably  soluble.  The  liot 
acid  solution  is  rapidly  filtered  under  pressure 
through  a  plate  of  "  filti'os '  or  alundum  forming 
the  bottom  of  an  earthenware  filter  set  in  a  steel 
shell.  The  filtrate  deposits  barium  and  radium 
sulphates.  The  sulphate  concentrate,  which  should 
carry  1  mgm.  of  radium  per  kilo.,  is  reduced  by 
ignition  with  charcoal,  and  the  resulting  sulphide 
dissolved  in  hydrochloric  acid.  Further  concen- 
tration is  effected  by  fractional  crystallisation  of 
the  mixed  chlorides,  and,  later  on,  of  the  mixed 
bromides  from  acid  solution,  the  radium  accumu- 
lating in  the  less  soluble  fractions."  —  R.  B. 
Moore,  Amcr.  Inst.  Min.  A'"f/.,  Sept.,  1918:  A'//'/. 
find  Min.  ,/.,  1918,  7W,  iWAU.—JniniKif  of  tin- 
Sorit^ti/  of  CJieniiral  Indu.^tn/,  Oct.  :51.  lOlS. 
p.    fy2f5A.      (J.    A.    W.) 


A  New  Process  of  the  Fixe  Deposition  ok 
Metals. — "According  to  the  Zf:iffcJirift,  far  Am/f- 
wandte  Ohemie,  a  German  patent  has  been  taken 
out  involving  a  new  prr)cess  f(jr  spraying  metals 
on  to  surfaces  of  any  kind.  The  metal  to  b'^ 
sprayed  forms  one  of  the  electrodes  of  an  arc,  and 
a  blast  of  gas  impinges  on  this  electrode,  directed, 
however,  in  such  a  manner  as  not  to  play  on  the 
arc  and  extingui.sh  it.  The  gas  used  for  the  bla.st 
is  of  a  non-oxidizing  nature,  and  its  effect  is  to 
carry  away  fine  particles  of  metals,  which  can  thus 
be  deposited  on  any  kind  of  surface  forming  a  verv 
thin  .skin.  When  polypha.se  currents  are  u?ed  th*^ 
electrodes  may  either  be  convergent  or  so  placed 
as  to  cross  the  streams  of  gas.  In  one  form  of  the 
apparatus  the  arc  is  started  by  means  of  the  instan- 
taneous discharge  from  an  auxiliary  high-tension 
circuit." — Indiriv  Enginpcrinq,  Sept.  21.  1018, 
p.    165.     (J.   A.   W.) 
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(IllMKAL      Ks'llINKEniNC;      AS      A      PUOFKSSION.  — "  1 

kiiiiw  no  career  wliicli  offers  more  piospccts  or 
contains  greater  iiossibilities  of  advaiicenieiit  for  a 
juiMii:  mail  wlio  lias  an  aptitude  towards  mechanics 
than  that  of  cliemical  eni;ineerin<;.'  said  one  <.• 
our  leading  chemical  mamifacturers  to  the  writ, 
a  few  days  ago. 

He     pointed     to     the     giant     autoclave.s,     stills, 
vncuiim    filters   and    compressors.     'All    these   appli 
aiut-    tlieso     piunps    and     conveyors,    tliese     retorts 
and  vats  oai  ii  holding  hundreds  of  gallons  of  acids 
or  alkalis,   are   the   product  of   mechanical   engineer- 
ing  siiops.     Vet   it   is   safe   to  .say   that   not  one  of 
them    muld    have    been    brought    into    existence    l«v 
either    the    chemist    whose    life    is    spent    aniouL' 
t*st   tubes  in  his  laboratory,   or  the  mannfacturii 
chemist    who    measures    his    products    of    oleum    ■ 
nitric   acid   or   betanapthol    by    the   dozen   tons   an 
who  handles  cyanides,  or  T.X.T.   or  di-nitro-benzol 
in  commercial  quantities,  any  more  than  they  could 
have    been    brought    into   existence   by   the   unaided 
efforts    of    the    engineer    ^vho    designs    turbines    or 
locomotives    or    steel    lu'idges    as    a    part    of     his 
ordinary   work. 

The  three  components  by  themselves  are  of  little 
or  no  value  without  the  chemical  engineer.  The 
student  occupied  in  research,  the  maker  of  the 
machinery,  the  producer  of  heavy  or  fine  chemicals 
need  the  brain  of  the  chemical  engineer  before  their 
work  can  be  of  any  commercial  value.  And  this 
country  is  in  direct  need  of  well-trained  members 
of   that   profession. 

It  is  not  a  question  of  salary  ;  it  is  not  that  the 
reward  offered  is  insufficiently  high  to  be  attrac- 
tive to  the  educated  and  intelligent  man.  It  is 
simply  that,  before  the  war  the  German  held  the 
chemical  trade  of  this  country  practically  in  the 
hollow  of  his  hand.  The  great  majority  of  the 
chemical  engineers  were  Germans  brought  into  the 
country  to  maintain  inviolate  the  secrets  of  the 
Badische  Soda  and  Anilinfabrik  and  the  other 
giant  German  concerns  which  were  strangling  the 
English  industry. 

Those  chemical  engineers  of  British  birth  who 
worked  with  them  studiously  kept  in  the  dark  as 
to  underlying  jirinciples  and  were  deceived  as  to 
methods  :  they  were  led  astray  by  bogus  formulte 
and  hookwinked  by  misleading  patent  specifications, 
the  result  that  now  we  can  count  almost  on  our 
fingers  the  number  of  expert  chemical  engineers 
in  the  country.  We,  in  common  with  every  other 
manufacturer  of  heavy  chemicals,  are  prepared  to 
pay  salaries,  which  at  one  time  would  have  seemed 
fabulous,  to  men  who  have  a  knowledge  of  anplied 
chemistry,  combined  with  a  thorough  grounding:  in 
mechanical  engineering,  and  who  possess  the  ability 
to  design  the  secpience  of  machines  by  which  the 
manufacturer  can  make  by  the  hundred  tons  the 
compounds  that  the  research  chemist,  can  make  in 
the   laboratory   by   the   hundred    drops ! 

T'nder  the  heading  of  heavy  chemical  work 
comes  the  manufacture  of  such  mineral  acids  as 
hvdrochloric.  nitric,  and  suliihuric  :  chlorine  and 
bleaching  powder ;  Epsom  and  Glauber's  salts, 
potash  and  soda  :  and  the  production  of  ammonia, 
nitrate  and  cyanamide  by  the  fixation  of  atmo- 
spheri'  nitrogen.  I'nder  that  of  fine  chemical 
work  comes  the  production  of  dye-stuffs  from  the 
hydro-carbons,  benzol  and  toluenes  dist'llfd  from 
coal  tar. 
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The      '  intennediatcH,'      iihout     which      we 

heard   ho   mnch   nince   the   war   liroii'li    l.. 

the  fact  that  Gi-rmaiiy  practicalh 
manufacture  btloi.j-  i'„  the  Manie"  . 
do  the   hi  ,.s  UH  T.N.T.. 

Glvceriiif  ire    and    itn    li. 
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with  all  chemi<'alK  used  in  photograidi 
and  everv  procexs  involved  in  the 
manufacture  of  these  HubHtancoH  the 
the  chemical   engineer  are  required. 

Sniiiiil        /■'init/tiiiieii/til        /'riiiri  It/en. 
enffineering   problems  are   conRtaiitly   arising   in   tlio 
ufactnrc  of   illuminating   gas  and    pro«liicer  ga«, 
utilisation     in     large     gas-engines,     and     the 
>ry    of    power    from    the    waste    ga.nes    of    the 
t'liriiace.      The     thermometric     exploration     of 
in    bulk-storaue    to    prevent    spontaneous    com- 
bustion,  the   utilizing  of   low-grade   fuels  as  lignite 
or    brown-coal,    peat    and    coal    and    coke    dust,    the 
prevention    of    smoke    .toirether   with    the    iin' 
ment   of  stokehole  conditions  by   flue   pa.s  an 
draught   rei'iilatiriu   and   temperature  m* 
are   within   his   province,   and    it   has   bc^  t 

takiut;  power  plant  practice,  so  far  as  h    .:    . ^ 

tion  is  concerned  and  the  recovery  of  the  l).v- 
prodncts  of  combustion,  a  properly  trained  chemical 
engineer  could,  in  the  majority  of  cases,  effect 
such  economies  as  would  result  in  increasing  the 
efficiency  of  production  by  anything  from  five  to 
thirty    per   cent. 

It  goes  without  saying  that  the  training  of  a 
chemical  engineer  should  primarily  consist  of 
sound  teaching  of  fundamental  principles  accom- 
panied with  or  followed  by  instruction  in  the 
industrial  application  of  these  principles.  It  is 
common  knowledne  that  hitherto,  owing  to  circum- 
stances quite  beyond  their  control,  British  manu- 
facturers have  been  backward  as  reuards  research 
work  generally,  whilst  the  industrial  side  of 
science  has  V)een  almost  shamefully  neglected  by 
our  large  universities.  Many  fif  our  leading 
scientists  have  not  been  altogether  blamele.ss. 
either,  as  they  have  as  a  body  been  prone  to  hold 
aloof  from  any  research  which  savoured  of  com- 
mercialism. 

But  at  least  one  of  our  most  important  technical 
schools  is  paying  great  attention  to  training 
students  in  chemical  engineering  work,  and  is 
affording  oppfutunities  to  specially  capable 
students  to  participate  in  researches  conjointly  with 
members  of  the  staff.  A  number  of  the  leading 
works  are  now  busily  engaged  in  similar  work  in 
connection  with  their  research  laboratories,  and 
whilst  it  is  impossible  to  teach  research,  all  possible 
is  being  done  to  impress  its  value  on  the  student 
and  indicate  to  him  the  general  lines  he  should 
follow. 

]\'/i'it  ).-■  Prulit.' — Some  little  time  ago  a  friend 
of  the  writer,  Mr.  W.  K.  Cooper,  pointed  out  the 
importance  of  the  cost  factor  in  the  work  of  the 
chemical  engineer.  ( 'ould  cost  be  disregarded,  his 
labours  would  be  greatly  simplified  ;  by  which  is 
meant  that  there  may  often  be,  and  indeed  are, 
discovered  methods  by  which  this,  that,  or  the 
other  product  could  be  manufactured  in  fair  bulk. 
But  that  is  insufficient :  the  processes  followed 
must  be  those  whereby  the  greatest  possible  quan- 
tities can  be  turned  out  at  the  least   possibla   ?ost. 
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Results  obtained  regardless  of  cost  are  of  no  coni- 
jnercial   value. 

The  idea  of  introducing,  and  indeed  emphasis- 
ing, the  factor  of  cost  is  often  distasteful  to  the 
teacher,  but  its  importance  cannot  be  overestimated. 
The  chemical  manufacturers  of  this  country  will 
he  called  upon  to  maintain  the  position  they  have 
won  during  the  past  four  years  against  a  sharp 
competition,  and  the  difference  of  a  few  shillings 
a  ton  in  the  cost  of  production  may  mean  the 
difference  between  a  dominant  position  as  manu- 
facturer or  that  of  a  mere  huckster,  buying  the 
productions  of  others  as  cheaply  as  possible  to  sell 
in   any  market  that   can  be  found. 

A  fundamental  characteristic  of  any  commeicial 
pi'oduct  is  that  it  may  be  sold  at  a  profit  and  yet, 
as  a  rule,  the  young  chemical  engineer  has  little 
or  no  idea  of  what  is  meant,  in  the  conimercial 
world,  by  profit.  Tlie  question  of  the  cost  of  labour 
and  material,  of  management,  of  distribution  of 
the  finished  product  is  of  great  importance,  but 
taken  with  it  must  be  the  vastly  more  complex 
questions  of  establishment  charges  and  overhead 
expenses,  or  running  costs  and  of  depreciation 
and  appreciation  of  plant  and  materials.  That  is 
to  say  that  the  higher  positions  in  the  ranks  of 
the  chemical  engineers  can  only  be  occupied  by 
those  men  who  in  addition  to  their  knowledge  of 
engineering  and  machine  design  and  construction, 
and  of  applied  chemistry  generally,  have  a  sound 
commercial  training  and  a  knowledge  of  business 
methods. 

Tmiiiinij  in  Practice  and  Dcsif/n. — The  chemical 
engineer,  like  every  other  business  man,  will  find 
that  the  rich  rewards  offered  are  only  to  be  won 
by  painstaking  effort  and  serious  application. 
Eecently  Dr.  Beilby  outlined  a  scheme  for  the 
training  of  industrial  chemists  which  is  worthy 
the  serious  attention  of  all  who  intend  taking  up 
the  profession  of  chemical  engineer — the  onlv 
profession,  be  it  remembered,  which  is  not  and 
cannot,  for  some  time  to  come,  be  overcrowded. 
This  included  a  sound  and  practical  training  in 
both  pure  and  applied  chemistry  extending  over  a 
period    of   three   years. 

During  the  third  year  special  subjects  should 
he  introduced  with  a  view  to  discovering  special 
aptitude,  and  at  the  end  of  the  third  year  each 
student,  individually,  .should  be  examined  by  the 
heads  of  the  departments,  his  records  examined 
and  analysed,  and  be  finally  advised  as  to  the 
particular  direction  in  which  he  would  find  it  of 
greatest  value  to  continue  his  work.  A  fourth  or 
fifth  year  would  then  be  spent  in  higher  nost- 
graduate  work  by  those  who  intended  to  soecialise 
in  more  abstruse  work  whilst  those  students  of 
only  average  ability  would  be  specially  instructed 
in  generally  advanced  work. 

Together  with  this  work  would  go  special  ti-ain- 
ing  in  general  engineering  practice  and  machine 
•design.  Descriptions  of  existing  special  planti 
would  be  dealt  with  from  a  theoretical  standnoint. 
and  the  plants  themselves  examined  and  treated 
from  their  practical  aspect  also.  Shop  instruction 
in  applied  engineering  work  would  be  essential, 
and  both  teacher  and  student  would  have  to  be 
actuated  by  the  central  consideration,  that  the 
functions  of  the  chemical  engineer  are  the  desisin 
and  construction  of  machinery  and  apparatus  for 
carrying  out,  on  commercial  scale,  the  processes 
discovered    in   the   research   laboratorv. 


One  of  the  greatest  mistakes  ever  made  by  a 
leading  scientist  was  the  declaration  of  I'mfessor 
Armstrong  that  chemistry  and  engineering  are 
antagonistic  in  character,  and  that  the  in'tiun  of 
training  chemical  engineers  should  be  abandmied 
in  favour  of  a  scheme  whereby  ciiemists  with  no 
engineering  knowledge  and  engineers  without 
chemical  training  should  co-operate.  There  has 
been  too  much  of  that  co-operation,  faulty,  half- 
hearted and  beset  with  difficulties  arising  from 
lack  of  mutual  comprehension,  in  the  inm  and 
steel  trades,  and  cliemical  manufacturers  are  not 
likely  to  risk  the  pitfalls  that  have  beset  the  steps 
of   other   producers. 

The  chemical  engineer  is  wanted  and  the  chemical 
engineer  is  bound  to  come — and  he  will  find  the 
world  of  advancement,  with  untrodden  paths, 
Iving  at  his  feet." — G.  B.-vsil  Barham,  C.E. — The 
World'. ^    Work,    January,    1919.     (W.    A.    C.) 


Abstracts  of  Patent  Applications 


209.18.  Cornelis  Fredrik  Delfos.  Improvements 
in   rock   drill   valves.     6.4.18. 

This  application  relates  to  a  percussive  apparatus 
liaving  at  each  end  two  valve  seats  dmnected 
severally  to  the  two  ends  of  the  cylinder  and  a 
valve  reciprocated  between  said  two  sents  by 
difference  of  pressure  brought  about  by  movement 
of  the  piston,  the  use  of  valves  formed  of  thin 
plate.  In  the  apparatus  as  claimed  above,  a  live 
air  chamber  surrounding  each  valve  and  retaining 
means  for  the  valve  adapted  to  allow  live  air  to 
pass   freely   all   about   the   valve. 

Apparatus  as  claimed  in  claim  1  or  claim  2  in 
which  the  valves  are  disposed  parallel  with  the 
axis  of  the  cylinder  and  substantially  tangential 
to  the  cylinder,  and  close  to  the  bore  of  the  same. 

Apparatus  as  claimed  in  preceding  claims,  in 
which  the  cylinder  wall  is  formed  with  exhaust 
ports  spaced  substantially  equally  to  the  lengtli 
of   the  piston. 


210.18.  Cornelis  Fredrik  Delfos.  Improvements 
in  rotation  devices  for  hammer  drills.  6.4.18. 
This  application  refers  to  hammer  drills  and 
more  particularly  to  the  gear  for  rotating  the 
drill  steel,  and  the  peculiar  feature  on  which  the 
patent  is  claimed  is  that  the  piston  shank  has  a 
straight  flute  part  of  a  smaller  diameter  than  the 
helical  flutes,  the  two  portions  of  the  fluted 
cylinders  being   discontinuous. 


Chang-es  of  Address. 


Almetti,     S.,     J/o     Eondebo-sch  :     Hotel     Majestic, 
Kalk   Bay,    C.V. 

Lange,     S.,     l/o     Doornfontein  :     14,     Joel     Road, 
Berea,   Johannesburg. 

Leslie,     H.     M.,    l/o    Pollokshields,    Glasgow;    9, 
Dungoyne    Gardens,    Maryhill,    Glasgow. 

MiLLiGAN,    J.    T.,    l/o    Millsite;    Danielsrust,    P.O. 
Box   175,  Krugersdorp. 

Morse,  W.  S.,  l/o  New  York;    Seaford.  Delaware, 
U.S.A. 
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Proceedings 

AT 

Ordinary  General  Meeting-, 
April  26,  1919. 


The  Ordinary  General  Meeting  of  the 
Society  was  held  in  the  South  African 
School  of  Klines  and  Technology  Building, 
Johannesburg,  on  Saturday,  the  'lQi\\  Ajjril, 
1919,  Mr.  H.  S.  Meyer  (President)  in  the 
chair.     There  were  also  present:  — 

18  Members:  Messrs.  J.  Grav,  H.  A. 
White.  J.  Chilton,  C.  J.  Grav,  F.  G. 
Macdonald.  J.  E.  Thurlow .  G.  A.  Water- 
mcyer,  G.  Hildick-Smith  {^Members  of 
Council).  Prof.  J.  Cellier,  L.  ]).  Hingle, 
C.  A.  ^leiklejohn,  S.  Xe\vt<ni,  A.  E.  Pavne. 
E.  K.  Schoch.  S.  H.  Stet-ls.  .1.  Tliorlund, 
C.  J.  Tutt. 

5  Associates  and  Studnit  :  Messrs.  .1 . 
Gibson.  L.  W.  Placer.  .1.  A.  L.  Grtlep).. 
A.  Short.  J.  A.  Woodburn. 

f)  Visitors,  and  Fred  Rowland  (Secietary). 

MINTTES. 

The  [Minutes  of  the  Ordinary  General 
General  ^Meeting,  held  on  the  l.")tli  March. 
1919,  as  recorded  in  the  Marcli  .Journal, 
were  confirmed. 

KLECTIOX    OF    NEW    MEMBKK. 

Messrs.  H.  A.  White  and  Jas.  Gray  were 

appointed  scrutineei-s.     After  their  scrutiny 

of    the     ballot    papers    the     following     new 

member  was  declared  unanimously  elected  : 

Wilkes,    H.^rry  E.    S..   Titv   and    Suburban   G.M. 

Co.,     Ltd.,      P.O.      Bnx'    l(i-.'(i.     .Inhannesburg. 

Assayer. 

The    following    had    been    admitted    as    a 

Student : — 

OUTLEPP,    .JlLIU?     ADOLPH    LEOPOLD,     S.A.     School    (if 

Mines  and  Technology.  P.O.  Box   1176,  Johan- 
nesburg.    Student. 


Gexek.xl  Blsines.s. 


SAFETY     FIKST 


IN     TMi;     STAMP     MILL. 


Mr.  S.  H.  Steels  (Member):  Although 
a  device  was  designed  a  few  years  ago  with 
the  object  of  preventing  stamps  falling 
whilst  work  in  the  mortar  box  was  in 
progress,  accidents  still  continue,  not  on 
account  of  the  unreliability  of  the  device, 
but  through  neglect  or  carelessness  in 
adjusting  it.  It  is  to  overcome  this  that 
an  automatic  self-locking  finger,  a  model  of 
which   is  heiY'  for  your  inspection,  has  been 


Fig.    I. — Liirklnij   liar  in  :     Sta.inp--   Stationary. 

designed.  It  is  automatic  and  positive  in 
its  action,  and  has  the  advantaire  of  securing 
independent  units. 

The  device  has  been  in  use  for  the  last 
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three  mouths  at  the  Village  Main  Reef,  ami 
is  used  \vith  eoufidence  by  tlie  mill 
employees. 

The  cost  of  installing  this  device  is 
approximately  15s.  to  20$.  per  stamp ;  the 
abolition  of  finger  rests  and  the   saving  in 


Fig.    II. — Loching    Bar    out  :     Stamps    in    Motion. 

the  life  of  fingers,  will  more  than  justify 
the  adoption  of  this  device.  Messrs.  W. 
Hartz,  Wessels  Vorster  and  the  writer  are 
jointly  responsible   for  the   device. 

Mr.  J.  Chilton  (Member  of  Council): 
The  device  is  really  a  bar  equipped  with 
two  hinges,  which  admit  of  movement  in 
an  upward  and  fonvard  direction. 

When  it  is  desired  to  hang  up  a  stamp 
the  bar  is  placed  in  position  vmder  the 
tappet  by  the  hand  or  foot  while  the  stem 
is  at  the  top  of  its  stroke.  It  is  impossible 
for  the  stamp  to  drop  accidently  however 
severe  the  vibration  in  the  mill. 

Mr.  G.  Hildick-Smith  (Pasf-Prrsident) : 
Is  it  automatically  Irx-ked  when  it  is  put  in? 

Mr.  J.  Chilton:  Yes,  a  locking  sleeve 
slips  down  when  the  device  is  in  operation. 
It  is  the  invention  of  Mr.  W.  Hartz,  an 
omployee  of  the  Village  Main  Reef,  and  it 
has  been  installed  on  other  mines  on  the 
Witwatersrand. 


The  President:  As  y«ni  know,  the  exhibi- 
tion of  a  device  of  this  character  is  one  in 
which  the  Society  takes  particular  pride. 
We  are  always  looking  for  anything  new,  of 
a  practical  nature,  however  small  it  is. 
\ye  do  not  expect  to  set  the  Thames  on 
fire,  but  every  time  a  man  who  is  connected 
with  the  industry  comes  forward  here  with 
a  practical  and  vxsefnl  devii-r,  this  Society 
is  the  first  to  welconu-  it  and  give  it  the 
necessary  publicity.  I  hope  those  who  are 
connected  with  this  particular  branch  of  the 
mining  industry  will  express  their  opinions 
and  give  their  views  about  it,  and  tear  it 
to  pieces,  if  they  can. 

Mr.  J.  R.  Thu.rlow  (Member  of  Council): 
I  would  likf  to  say  that  I  liave  a  personal 
knowledge  of  the  device.  It  has  to  be  sub- 
mitted to  a  practical  ^est  for  six  months  on 
three  different  mines.  I  think,  in  the  ))ast, 
man}-  of  us  have  had  experience  of  inventors 
nursing  their  own  baby,  and,  just  so  long  as 
tlie  inventor  was  there  to  nurse  it,  and  care 
for  it,  it  was  always  good;  but  whenever 
it  same  into  contact  with  strangers  it  failed. 
We  are  giving  this  particular  device  a 
thorough  trial  on  three  other  mines  besides 
the  Village  ]\Iain  Reef.  Personally,  I 
think  very  highly  of  it:  Init  it  remains  to 
be  seen  what  it  will  comi.'  out  like. 

Mr.  H.  A.  White  (Vice  -  Pro^hlcni): 
I  must  say  there  is  one  feature  in  this 
device  which  distinguishes  it  from  those  of 
a  similar  cliaracter  along  the  Reef;  that  is, 
those  devices  when  in  use  are  excellent ;  but 
there  is  no  guarantee  they  will  lie  used. 

In   this  particular  case,   I   understand,   if 
i  the  finger  is  in  use  at  all,  the  safety  arrange- 
ment   comes    automatically    into    operation 
i  when   required.        Therefore,    it    cannot    fail 
j   because  of  negligence  on  the  part  of  anyone, 
but     automatically    secures    the     shiftsman 
against  dangers,    even    those   resultiu'^   irorn 
his  own  omissions. 

The  President:  In  other  words,  it  is  very 
nearly  fool  proof. 

I  Mr.  S.  Newton  (Mcmlicr):  I  agree  with 
I  Mv.  W'liite  that  theie  liave  been  ideas  on 
the  lines  of  these  fingers  for  lessening  the 
possibility  of  accidents,  but,  although  we 
have  had  sucli  devices,  their  working  has 
not  been  cari'ied  out  according  to  instruc- 
tions. In  tliis  particulai'  device  it  appears 
that  practically  no  instructions  are  required, 
and  consequently  it  appears  to  be  beyond 
I  criticism. 
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ACIKICULTUKAL    MOTOR    TRACTORS. 


h\    (J.    Hiij>i(  k-Smitii  .    US,..    M  1  MM.   (I'ast-l'resident). 


During  the  war  1  was  for  sonu-  timo 
omployed  by  the  Inipi.-rial  Goveriiniciit  as 
head  of  the  Technical  Section  of  tlie  Food 
Production  Department — a  branch  of  the 
Board  of  A^'riculture — in  that  position  I  had 
a  somewhat  unique  experience  with  regard 
to  tlie  working  of  motor  tractors,  and,  I 
thought,  therefore,  that  perhaps  the  follow- 
ing notes  might  be  of  interest  to  farmers 
and  otlu'rs  in  South  Africa,  where  un- 
doubtedly agricultural  motor  tractors  will  be 
extensively   used   in   the  future. 

To  begin  with  it  may  be  interesting,  and 
to  some  extent  perhaps  instructive,  to 
desci'ibe  briefly  the  work  and  organisation  of 
the  Footl  Production  Department  in  Eng- 
land. 

Not  the  least  of  the  lessons  taught  by  the 
war  was  the  use  to  British  fanners  of  agri- 
cultural motor  tractors,  and  from  the 
experience  of  British  farmers,  the  South 
African  farmers  may,  I  am  sure,  learn 
much.  Prior  to  the  outbreak  of  war  British 
farmers,  as  a  whole,  condemned  tractors 
generally,  but  having  been  forced  to  use 
either  their  own  or  have  Government 
tractors  used  on  their  land,  their  prejudices 
to  tractors  have  now^  been  entirely  over- 
come, so  much  so  that  at  the  end  of  the 
war,  one  tractor  manufacturing  firm  alone 
was  supplying  at  one  time  as  many  as  200 
tractors  per  week  to  farmers  in  Great 
Britain,  at  a  time,  too,  when  the  Govern- 
ment was  operating  through  the  Food 
Production  Department,  4,200  tractors, 
ploughing  roughly  about  r20,000  acres  per 
month,  and  this  only  in  England  and  Wales. 

Due  to  the  submarine  campaign  and  con- 
sequent loss  of  shipping,  it  became  essential 
to  produce  in  Great  Britain,  as  much  food 
as  possible,  to  this  end  the  Food  Production 
Department  was  formed — this  department 
being  responsible  for  the  increased  area  of 
land  under  cultivation  in  England  and 
Wales — the  Scottish  and  Irish  Boards  being 
responsible  for  the  cultivation  in  those 
cnnitries. 

The  Food  Pnxluction  Department  com- 
menced work  in  1916,  and  in  1918  the 
increased  acreage  ploughed  over  1916  was 
1,645,000  acres,  this  being  made  up  of 
T;")2,000  acres  in  wheat,  158,000  acres  in 
barley,  and  735,000  acres  in  oats,  thus  the 


above  area  of  grassland  had  been  converted 
into  arable  land  during  the  period  1916  and 
1918  by:  — 

(1)  Agricultural  motor  tractors  operated 
by  the  Government. 

(2j  Horse  ploughing  done  by  Govern- 
ment. 

(3)  Private  fanners  increasing  their  acre- 
age ploughed  with  their  own  tractors 
or  horses. 

(4)  Steam   tackle  setts. 

(5)  Tractors  operated  by  private  con- 
tractors. 

At  the  outset,  when  the  Food  Production 
Department  commenced  work,  it  was 
obvious  that  if  a  large  increase  in  the  area 
of  land  under  cultivation  was  to  be  made 
in  as  short  a  time  as  possible,  the  use  of 
motor  tractors  was  essential.  Consequently 
trials  were  made  with  a  view  to  testing  the 
etliciency  of  various  types  of  tractors  and 
ploughs  which  could  only  be  obtained 
quickly  in  sufficient  quantity  from  America. 
Having  decided  to  operate  a  large  number  of 
tractors,  these  were  apportioned  to  each 
county  in  proportion  to  the  area  to  be 
ploughed — as  many  as  280  motor  tractors 
were  employed  in  some  counties.  The  up- 
keep and  repairs  to  the  tractors  was  done 
by  garage  engineers,  who,  generally  speak- 
ing, at  the  outset  had  had  no  experience 
with  tractors — the  upkeep  of  a  tractor  being 
a  different  proposition  to  that  of  a  motor 
car.  I  mention  this  point  as  it  had  a  dis- 
tinct bearing  on  the  types  of  tractors 
purchased  by  the  Government,  the  most 
simple  and  most  fool-prcof  types  being 
adopted  irrespective  to  some  extent  of  their 
efficiency. 

At  the  commencement  the  Government 
purchased  many  different  makes  of  tractors. 
which  included  Parrett,  Burford-Cleveland 
Titan,  Fordson,  Overtime,  Mogul,  Saunder- 
son,  Clayton  S:  Shuttleworth,  Samson, 
Killen-Strait.    Avery   and   Inter-state. 

Owing  to  the  difficulty  of  obtaining  and 
distributing  such  a  number  of  varieties  of 
epai*e  parts,  the  number  of  types  of  tractors 
eventualh'  used  was  reduced  mainly  to  two 
— Titans  and  Fordsons — although,  in  addi- 
tion, a  certain  number  of  Overtimes,  25 
II.  P.     Mojnds     Saundersons     and     Clavton 
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and    Shuttloworths    were    used,    chiefly    for 
hauling  and  operating  threshing  boxes. 

The    Footl    Production    Department    was 

organised  somewhat  on  the  following  lines  : 

1^1)    Cultivation      Division     responsible      for 

cultivation       done       by       Government 

tractors  and  horses,  and  also  responsible 

for  the  Government  threshing  machines. 

(21    Technical       Division      responsible       for 

arrangements    as    to    the    supply    and 

advice    with    regard    to   fertilisers,    and 

investigations     with     regard     to     plant 

diseases. 

(3)  Labour  Division  responsible  for  the 
arrangements  for  the  supply  to  the 
other  divisions  of  the  necessary  labour. 

(4)  Women's  Branch,  also  responsible  for 
the  supply  of  labour. 

Co)    Finance   Division. 
(6)    Supplies'   Division. 

The  Cultivation  Division  was  divided  into 
the   following   sections:  — 

(1)  Technical  Section  responsible  for  the 
proper  upkeep  and  care  of  tractors  and 
implements,  through  the  medivim  of  its 
inspectors,  throughout  England  and 
Wales ;  advising  on  technical  questions 
with  regard  to  the  working  of  tractors, 
ploughs,  harrows,  etc.,  through  the 
medium  of  its  technical  advisers,  who, 
when  necessary,  gave  demonstrations 
on  the  working  of  tractors,  ploughs, 
etc. 

(2)  Horse  Section  responsible  for  the  care 
and  supply  of  horses  for  ploughing  and 
cultivating. 

(3)  Threshing  Section  responsible  for  the 
working  of  the  Government  owned 
threshing  boxes. 

(4)  Administrative  Section  resj)onsible  for 
the  supply  of  parathn  and  petrol,  and  for 
the  administrative  work  in  connection 
with  garages  from  which  the  Govern- 
ment tractors  were  being  operated. 

(5)  Bane  Supply  Depot  Section  responsible 
for  the  supply  of  all  spare  parts  for 
tractors,  ploughs.  Ford  vans,  etc.,  also 
for  the  supply  of  harness,  etc.,  for  the 
Horse   Section. 

(6)  Costing  Section,  through  which  figures 
referring  to  the  cost  of  ploughing  and 
cultivating  in  each  county  wore 
obtained. 

In  addition  to  the  Headquarters  Staff  of 
the  Cultivation  Division  there  was  in  each 
coimty  a  War  Agricultural  Executive  Com- 
mittee, composed  of  landowners  and 
farmers,  who  were  voluntary  workers,  each 


committee  having  its  staff  of  secretary, 
executive  otiicers,  supervisors  and  tractor 
representatives,  who  arranged  contracts  with 
farmers  and  the  order  and  price  at  which 
contracts  were  carried  out,  and,  in  addition, 
supeiwised  the  tractor  (hivers,  the  garage 
engineers  being  responsible  only  for  repairs 
to  tractors  and  the  supply  of  fuel  to  tractors 
in  the  held,  which  was  done  by  Foid  vans, 
these  vans  being  allotted  to  the  counties  in 
the  proportion  of  one  van  to  every  seven 
tractors,  the  tractors  being  operated  in 
units  of  ten  from  such  garages  in  the 
counties  as  wei-e  suitably  located  with 
regard  to  the  main  arable  areas. 

The  garage  engineers  were  supplied 
with  spares,  fuel,  etc.,  free  of  charge,  and 
only  supplied  the  labour  necessary  to  effect 
repairs,  at  a  cost  of  25/-  per  week  per  tractor 
in  commission.  It  will  thus  be  seen  that  the 
(.rganisation  was  most  unwieldy,  and  as  a 
results  very  low  efificiency  was  obtained  ;  to 
overcome  this  it  was  eventually  decided  to 
loan  to  garage  engineers  the  Government 
tractors  free  of  charge,  with  which  they 
made  their  own  contracts  with  farmers, 
thus  obviating  the  emiDloyment  of  endless 
supervisors,  executive  officers,  etc. 

At  the  end  of  the  war  the  Government 
owned  about  £3,500,000  worth  of  tractors, 
implements,  Ford  vans,  horses,  etc.,  and  at 
the  prices  which  they  charged  for  ploughing, 
which  ranged  from  22/6  to  35/-  per  acre, 
the  loss  on  working  was  about  £1,750,000 
per  annum,  at  which  cost  the  food  produc- 
tion was  however  considerably  increased 
and,  in  addition,  the  value  of  the  use  of 
motor  tractors  was  proved  to  British 
farmeis. 

Up  to  the  present  no  mention  has  been 
made  of  the  types  of  ploughs,  cultivators, 
etc.,  used  in  conjunction  with  the  tractors. 
Man}-  of  the  ploughs  used  were  American 
types,  which  turned  a  much  broader  furrow 
tlian  British  farmers  were  used  to,  the  result- 
ing work  appearing  much  rougher  than  that 
done  by  the  usual  types  of  English  ploughs; 
the  farmeis'  objection  to  the  broad  furrow 
had,  therefore,  to  be  bi'oken  down  by  prov- 
ing to  them  that  tlie  broader  furrow  plough- 
ing gave  ecjually  good  results  in  most  cases 
as  th(>  narrower  furrow  ploughing.  The 
chief  makes  of  ploughs  used  were: — Oliver, 
Self-lift,  No.  7,  two  furrow  adjustable 
plougli.  fitted  with  eitlu-r  the  No.  221  of 
No.  115  class  of  bottom;  Kansome,  three 
and  four  furrow  ploughs;  Cockshutt.  three 
furrow  i)1()Ughs,  witli  No.  27  bottom;  and 
Hainiltdii    three   furrow,    self-lift   plough. 
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Tho  use  of  tractors  in  Eiij^luiul  has  hei-n 
the  cause  of  the  self-lift  |»K)u<^'lis  Ixconiiiit,' 
more  universally  i)oj)ular,  (hie  to  the  fact 
that  tile  use  of  tliis  type  of  |)louf,'li  uitli  most 
types  of  tractors,  elfects  a  saving  in  labour, 
tile  tractor  di-ivei-  buing  able  to  operate  tln^ 
plough  in  addition  to  driving  the  tractor. 

For  cultivating,  single  and  double  disc 
harrows  were  chiefly  used,  mainly  of  the 
Hoilerick-Lean  type,  one  or  more  disc 
harrows  being  drawn  by  a  tractor,  the 
number  drawn  depending  on  the  power  of 
the  t rat-tor. 

The  usual  makes  of  self-binding  machines 
were  used,  also  drawn  by  tractors.  Some 
types  of  tractors  art^  capable  of  running  too 
fast  for  self-binders.  When  re(|uiied,  the 
sptcd  of  travel  of  self-binders  may  either  be 
reduced  by  the  tractor  drawing  several 
binders,  otherwise  fast  types  of  tractors  are 
unable  to  run  on  top  gear  without  shaking 
binders  badly;  this  happens  when  self- 
binders  are  drawn  at  a  speed  exceeding 
about  foiu'  miles  per  hour. 


I II  III-    iii.tiii 


Broadly  spi.nMn-.    inci, 
ty[)es  of  tractors  :  — 

(1)  Tlir  .Molinc,  or  two-wheeled  tvpe 
(Fig.  1.). 

(2)  The  three  or  four-wheeled  tvpe 
(Fig.   ID. 

(;})  The  caterpillar  type   (Fig.   III.). 

(1)  The  Moline,  or  two- wheeled  type  of 
tractor,  is  so  designed  that  the  wheels  of 
the  plough  or  other  impK-ment  form  its  rear 
wheels.  The  plough  used  with  the  tractor 
is  of  the  riding  type,  the  tractor  being 
operated  by  the  driver  from  tho  plough  seat; 
no  accident  cun  hap|)en  to  the  driver,  driv- 
ing from  this  jjosition  in  the  event  of  the 
tractor  rearing  or  seat-spring  breaking.  This 
is  the  cheaijcst  type  of  tractor,  costing  in 
England  with  the  plough,  roughU*.  £2'2<J. 
It  is  a  low-powered  tractor,  developing  only 
abont  12  H.P.,  and  is  capable  of  drawing  a 
two  furrow  plough  at  a  speed  of  alx>ut  2A 
miles  per  hour,  the  weight  of  the  tractor 
alone  being  about  1^  tons. 


Fk;.    I. 


Tractors  arc  also  used  to  draw  mowing 
machines,  and  some  tractors  may  be  con- 
verted into  a  self-contained  mowing 
machine. 

Types  of  Tractom. — I  do  not  propose  to 
describe  any  of  the  varieties  of  tractors  in 
detail,  such  information  can  be  obtained 
from  the  maker's  catalogues.  I  have  only 
given  a  general  description  of  the  three  main 
t^^pes  of  tractors,  of  these  there  are  many 
varieties  on  the  market.  It  must  be 
remembered  that  practically  all  types  of 
tractors — in  addition  to  their  use  for  haulage 
purposes-  -can  be  used  as  stationary  engines 
for  driving  dynamos,  chaflf  cutters,  filling 
silos,  etc. 


(2)  Examples  of  the  three  and  four- 
wheeled  types  of  tractors  are :  —  The 
Samsoii  (three-wheel),  Titan  (four-wheel), 
Fordson  (four-wheel).  Such  tractors  are 
mostly  designed  to  develop  about  25  H.P. 
and  weight  about  2i  tons.  The  cost  of  the 
F'ordson  tractor  in  England  is  about  £300, 
and  that  of  the  Titan  about  £600,  the  latter 
being  the  more  powerful  machine,  is  capable 
of  drawing  a  three  fun-ow  plough  through 
any  class  of  ground,  v.hereas  the  Fordson 
will  only  draw  a  two  furrow  plough,  except 
through  light  land,  when  a  three  furrow- 
plough  can  be  used.  The  speed  of  these 
tractors  varies  from  2i  to  5  miles  per  hour. 
The   Fordson   tractor   is   not   fitted   with    a 
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brake  or  governor,  and  is  also  liable  to  rear 
and  cause  an  accident  to  the  driver,  if  over- 
loaded. 

(3)  The  caterpillar  types  of  tractors,  such 
as  the  Holt,  Tracklayer  and  "Burford-Cleve- 
land,  are  designed  to  develop  from  20  up  to 
120  H.P.  The  design  of  very  high-powered 
machines  being  possible  due  to  the  weight 
of  the  tractor  being  distributed  over  the  large 
area  of  the  crt-eper  track,  thus  obviating 
packing  of  the  ground  when  ploughing,  etc., 
the  machines  being  so  designed  as  to  give  a 
pressure  of  about  7  lb.  per  square  inch  on 
the  ground.  The  pull  is  obtained  through 
the  medium  of  the  creeper  track,  and  these 
machines  can  work  on  land  in  almost  any 
condition. 


acres  ploughed  per  day,  with  a  consumption 
of  paraffin  of  4'^  gallons  per  acre,  and  that 
of  grease  0*5  lb.  per  acre,  the  consumption 
of  petrol  being  0"5  gallons  per  acre.  These 
rrsults  are  l;elow  the  average  wliieh  sliould 
be  obtained :  the  figures  quoted  are  those 
for  a  very  large  number  of  ti'actors  which 
were  inef^ciently  operated. 

With  a  few  or  single  tractors  of  these 
types  working  efticiently,  three  acres  per 
day  per  tractor  should  be  ploughed,  with  a 
paraffin  consumption  of  about  three  gallons 
per  acre.  For  cultivating,  the  acreage  would 
be  double  that  of  ploughing,  and  the  paraffin 
consumption  about  half  that  for  ploughing. 

With  regard  to  the  work  which  can  be 
done  with  high-powered  cater|Mllar  tractors, 


Fig.    II. 


Of  the  types  above-mentioned  the  Burford- 
Cleveland  is  the  smallest,  developing  about 
20  H.P.,  the  other  two  types  are  built  to 
develop  40  and  70  H.P.,  the  Holt  tractors 
being  built  also  to  develop  as  much  as  120 
H.P.  The  speed  at  which  caterpillar 
tractors  travel  is  about  21  miles  per  hour. 
The  cost  of  this  type  of  tractor  in  America 
would  be,  roughly,  from  £400  to  £1,200, 
depending  upon  the  power. 

As  to  the  amount  and  class  of  work  that 
can  be  done  with  the  various  tj'pes  of 
tractors,  with  chiefly  Titan  and  Fordson 
tractors  the  results  obtained  with  the 
Government  machines  averaged  about  1*75 


the  following  are  the  actual  results  obtained 
with  a  70  H.P.  Holt  caterpillar  tractor  and 
these  results  may  be  taken  as  a  fair  average. 
The  machine  was  operated  by  a  private  con- 
tractor in  the  South  of  England  and 
ploughed  4,000  acres  in  fifteen  months,  the 
contract  price  per  acre  being  19/-  with 
paraffin  costing  about  1/8  per  gallon,  the 
consumption  of  paraffin  being  2h  gallons 
per  acre  for  ploughing  and  H  gallons  per 
acre  for  cultivating,  a  six  furrow  plough 
being  used.  In  estimating  the  amount  of 
ploughing  which  can  be  done  with  this  class 
of  machine,  as  a  basis  for  calculation  it  is 
safe    to    assume,    ten    acres    per    day.     In 
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AnRTica  tlu'  coiitiiu-t  piii-c  tor  ploufj;liinj,' 
with  hi>^'ll  powcTi'il  c'ut«.'ii»illar  tractors  is 
iihoiit  ri/C)  pi-r  ac-ri',  cliic  to  llic  clifapiiess 
of  parartiii   in  that   country. 

It  will  1)1"  seen,  tlu'reforo,  that  with  ri'gar<l 
to  plouf^hin^'  only — so  tar  as  conditions  in 
this  country  are  concerned — the  work  that 
can  hi-  done  with  the  smaller  type  of 
tractors,  is  iK)t  sutticiently  in  excess  of  that 
which  can  he  done  by  oxen  to  make  j)lough- 
inp  by  this  class  of  machine  economically 
possible,  when  taking  into  consi<leration  the 
first  cost  of  the  tract<jr,  de|)reciation,  skilled 
lalxnu",  cost  of  fuel,  re])airs,  lubncants,  etc. 

Thus  with  either  of  the  usual  types  of 
two,  three  or  four-wheeled  tractors  or  the 
smaller    types    of    cateipillar    tractors,    such 


luljricants.  wiiidi  may  be  taken  to  be  alx>ut 
8/-  per  acre,  thus  giving  a  total  cost  of  20/- 
pcr  acre. 

With  the  iiigh-powered  cutcqjiliar  tractors 
tlie  cost  of  ploughing  per  acre  would  be,  on 
the  basis  of  ten  acres  per  day,  alK)ut  4/0 
per  acre  for  wages  and  fuel,  and  about  10/0 
per  acre  for  depreciation,  cost  or  repairs  and 
lubncants;  making  a  total  cost  of  15/-  per 
acre.  It  may  therefore  bo  assumed  that 
all  tractors  of  a  power  below  40  H.I*,  in 
South  -Vfnca,  can  otdy  be  economically  used 
for  cultivating  orchards,  where  the  fact  that 
they  will  turn  in  a  very  small  space  is 
important  —  drawing  binders,  harrowing 
machine>i,  wagons  and  stationaiy  engine 
work. 


Fig.    III. 


as  the  Burtortl-Clevelan<l,  all  developing, 
say,  about  25  H.P.,  it  would  only  be  possible 
to  draw  up  to  a  tb.ree  furrow  plough — thus 
on  the  basis  of  three  acres  per  day,  and  a 
consumption  of  three  gallons  of  parattin  per 
acre,  assuming  the  driver's  wages  at  17  fi 
per  day — it  must  be  remembered  that  it  is 
cheapest  in  the  long  run  to  employ  a  skilled 
mechanic  as  driver — and  the  cost  of  paratfin 
at  2/-  per  gallon,  the  cost  of  ploughing  per 
acre  wovdd  be,  roughly,  13  -,  without 
allowing  for  depreciation,  cost  of  repaii-s  and 


On  the  other  hand,  catei-pillar  tractors  of 
40  H.P.  and  over,  can  be  used  on  land  in 
almost  any  condition,  and  the  speed  at 
which  ploughing  can  be  done  with  them, 
compared  with  ox  ploughing,  will  make 
them  an  economical  proposition,  even 
though  the  cost  of  ploughing  is  higher  than 
witli  oxen.  With  such  tractors  sub-soiling 
can  also  be  done,  and,  in  addition,  they  will 
do  :dl  the  work  the  smaller  tractors  will  do. 

One  point  should  not  be  forgotten  with 
regard     to    the     use    of    tractors    at    high 
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altitudes,  uud  that  is  the  consequent  loss 
of  eiftcioney,  which  may  be  taken  at  from 
10%  to  15%  at  an  altitude  of  6,000  ft.  above 
the  sea  level.  As  the  first  cost  of  high- 
powered  caterpillar  tractors  is  high,  it  is 
assumed,  generally  speaking,  that  neigh- 
bouring farmers  would  co-operate  and  jointly 
operate  one  or  more  large  tractors,  either 
this,  or  such  tractors  would  be  operated  by 
contractors. 

Great  progress  has  already  been  made  in 
agriculture  in  South  Africa,  and  the  intro- 
duction of  agricultural  motor  tractors  will, 
I  am  sure,  be-  a  further  step  in  the  right 
direction.  There  is  yet  much,  however,  to 
be  learnt  with  regard  to  the  use  of  such 
machines  in  this,  as  in  other  countries,  but 
it  is  now  possible,  if  care  and  judgment  are 
exercised,  for  farmers  to  obtain  tractors 
which  they  will  find  will  be  most  useful  and 
profitable  additions  to  their  farm  equipment. 

These  remarks  may,  I  hope,  be  of  some 
use  in  that  direction,  and  this  short  record 
of  past  experience  will  thus  have  served 
some  little  useful  purpose  in  the  future 
advancement  of  agriculture  in  South  Africa. 

The  President:  In  proposing  a  very 
hearty  vote  vl  thanks  to  the  author  for  his 
vei-y  interesting  papei",  I  think  it  is  very 
apropos,  considering  that  nowadays  if  there 
is  one  thing  a  mining  man  tliinks  he  knows 
more  about  than  anything  else,  it  is  fanning. 
Therefore,  this  up-to-date  review  of  tlie 
most  modem  methods  of  ploughing  must 
be  of  very  gre  it  value. 

I  feel  myself  very  much  at  a  loss  in 
making  any  remarks  about  a  subject  of  this 
description,  because  I  am  one  of  the  excep- 
tions who  knows  nothing  about  fanning,  and 
I  do  not  expect  ever  to  do  so — not  at  my 
time  of  life.  But  the  author's  remarks  here 
about  the  —  to  put  it  very  delicately  — 
inefficiency  of  the  concern  strikes  one  ver}' 
forcibly.  At  the  same  time,  we  have  to  be 
very  thankful  that  this  inefficient  work  has 
gradually  led  to  results  that  must  be  of 
great  value  in  the  future  to  tlinse  concerned 
with  this  class  of  industiy. 

I  notice  that  the  author  points  to  tlii' 
value  of  the  head  office  and  about  ten 
different  sub-divisinns  of  technical  control, 
which,  I  am  perfectly  certain  must  have  led 
to  great  economy  of  administration. 

Mr.  G.  A.  Watermeyer  (Member  of 
Council):  In  seconding  tin-  vote  of  thanks, 
I  may  say  that  I  liave  a  fanii  of  about  a 
liundred  acres.  I  am  not  doing  veiy  much 
with  it,  but  I  shall  l)enefit  very  much  by 
the   author's  paper  this  evening.     £600  for 


a  tractor  on  a  hundred  acre  farm  would, 
however,  just  aboul  ruin  anybody.  Therr  is 
one  point  I  would  \\kv  to  ask  him  about. 
How  about  the  sub-soiling?  He  mentions 
that  tlie  width  of  the  funow  is  14  in.  ;  it 
struck  me  that  would  necessitate  a  sliallow 
furrow.  Can  he  give  us  nny  infonnation  as 
to  what  depth   those   1  I  in.    liuTOWs  were? 

Mr.  G.  Hildick-Smith :  .\s  to  the  depth 
of  ploughing,  much  dej)ends  on  the  class 
of  land  and  the  power  of  the  tractor  used 
— the  depth  woidd  vary  from  about  ;")  to 
12  inches.  1  omitted  to  mention  thiit  with 
tlie  wheeled  ty))es  of  tiactoi's  the  "  ])ull 
was     obtained      thrcnigh      the     nietlium     ol 

spuds  "  or  "  stiakes  "^otherwise  s))ik<s 
in  or  bands  placed  diagonalh'  across  the 
tyres  of  the  driving  wheels — which  have  to 
be  taken  off  or  covered  oxer  wlien  travelling 
on  roads.  It  may  also  he  interesting  to 
note  tliat  to  pi'event  tractors  from  rearing 
to  sucli  an  extent  that  they  fall  over  back- 
wards, an  automatic  safety  device  was 
used  which  released  the  tiactor  from  tlie 
implement  being  drawn,  while  a  somewlnit 
similar  device  was  used  to  prevent  break- 
ages to'  plough  shares  in  rough  land. 


NOTES    ON    THE    EEAIOVAL    OF    A 
VEETICAL   SHAFT  PILLAR. 


By   J.    Chiltox    (Member  of   Council). 


{Printed   in   Journal,   June,    1918.) 


REPLY  TO   DlSCUSSIOy 

Mr.  J.  Chilton  (Mcmhrr  of  Council): 
The  author  is  indebted  to  Mv.  J.  A.  Wood- 
burn  for  his  interesting  and  suggestive 
remarks  on  the  paper,  and  entirely  agrees 
that  English  mining  pi-actice  could  more 
often  be  followed  witli  advantage  in  our 
gold  mining  operations.  It  should  be 
remembered  that  in  England  coal  mining 
has  been  in  operation  for  over  a  thousand 
years,  and  many  of  the  present-day  methods 
here,  have  been  tried  thei'e,  found  wanting, 
and  relegated  to  the  mining  limbo.  In  roof 
control  this  is  particulai'ly  evident  and  the 
idea  whic-h  dies  so  hard,  that  roof  pressure 
should  be  resisted  has  in  most  coal  mining 
centres  been  abandoned.  The  long  wall 
system  which  is  followed  in  most  up  to' 
date  collieries  has  taught  many  lessons  that 
could  !)(■  a|)plied  here  with  ])rofit  to  both 
miner  and  sliai'cholder.  There  is  no  doubt. 
that  the  Village  ]\Iain  Beef  shaft  pillar  was 
too   small    for   the    depth    of    the    shaft,    or 
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otluTwisi-  it  would  not  liavt-  collapsed,  but 
till'  (lirtifulty  is  to  find  out,  what  area  of 
pix)tt'c'tit>n  slioulil  1)1'  k'it.  Lt-ave  an  exten- 
sive and  rii-ii  pillar,  then  a  larpo  sum  of 
money  Ik  loekcd  uj)  for  a  munher  of  years 
with  c-onsecjUfnt  loss  to  shaivlioldcrs ;  leave 
H  small  one,  and  the  continuity  of  opera- 
tions is  likely  to  be  interrupted  by  collapse 
due  to  thrust  and  creep.  In  the  writer's 
opinion  it  would  be  better  to  leave  no  shaft 
pillar  at  all  where  rich  pround  suiTounds 
the  shaft,  but  to  start  stopinp  operations 
at  the  shaft  bottom  and  work  outwards,  the 
waste  rock  from  the  developiiifj:  drives  could 
be  trammed  into  this  area  and  packed 
solidly,  and  the  shaft  bottom  made  si-cure 
for  all  tinie.  Any  movement  that  did  occur 
would  be  of  a  ^nadual  character,  and  this 
could  easily  be  dealt  with.  If  the  shaft 
came  down  iji  a  poor  area  then  a  lar<;e  and 
{generous  pillar  could  be  left  without  loss 
of  profit,  thus  securing  protection  to  the 
shaft  and  the  main  arteries  of  the  mine. 
Mr.  I.  Hodpes  remaiks  on  the  new 
tendencies  in  coal  mininp  practice  are 
worthy  of  attention,  and  indicated  the  line 
of  thought  th.at  is  influencing  the  trend  of 
opinion  in  Great  Britain  concerning  roof 
con  t  ml. 

It  is  the  complaint  of  Air.  B.  C.  Forrest 
that  my  statements  seem  to  lead  one  to 
conclude  that  the  shaft  pillars  advocated  by 
mining  authorities  are  useless.  That  is 
certainly  my  contention  for  estimates  that 
differ  so  widely  only  serve  to  confuse  rather 
than  help.  It  is  unfortunate  that  the  north 
point  was  omitted  in  the  illustrations  tliat 
accompanied  the  paper,  but  convention  has 
decided  that  the  top  of  a  map  or  sketch  can 
be  assumed  to  be  nortli  unless  the  contrary 
is  stated.  Tliis  convention  has  been 
observed  in  all  tlie  illustrations,  and  readers 
were  credited  with  having  some  slight 
knowledge  of  map  reading.  There  is  also 
int-enial  evidence  in  the  sketches  that  would 
enable  most  persons  with  a  knowledge  of 
Rand  mining  to  easily  find  the  points  of 
the  compass.  It  is  certainly  desirable,  as 
Mr.  Forrest  suggests,  that  iiiles  suitable  to 
our  local  conditions  should  be  foniiidated, 
but  up  to  the  present  our  local  authorities 
-^eem  to  fight  shy  of  the  question. 

In  the  opinion  of  Air.  E.  Ai.  Weston 
conditions  on  the  East  Rand  cannot  be 
compared  with  those  of  the  central  area 
but  lie  ignores  the  fact  that  while  ciiish  and 
creep  are  comparatively  rare  in  the  middle 
area,  they  are  common  in  European  mines 
where  flat   seams  obtain   and  conditions  of 


dip  and  depth  an-  similar  to  those  on  the 
Far  Ea.st  Rand.  With  similar  conditions 
i^imilar  results  will   follow. 

Mr.  H.  S.  Aleycr  indicates  the  direction 
in  which  Ran<l  mining  opinion  sj'ems  to 
trend,  and  admits  that  financial  considera- 
tions rather  than  good  mining  practice 
limits  the  size  of  safety  pillars. 

In  conclusion,  the  author  wishes  to  thank 
those  gentlemen  that  have  contributed  to 
the  discussion,  and  hopes  that  at  some 
future  time  this  subject  may  have  the 
att<mtion  it  merits. 


DETERAIINA'IION     OF     AVAlL.MiLE 

JJAIE   IN  THE  DIFFERENT  CLASSES 

OF   LIME    SFPPLIED   TO    RANI) 

REDUC'iTON   WORKS. 


Bv  C.   A.   Mkikle-ioux  (Member). 


Pritifcd    in    .Journal,    December,    lUlS.) 


discussion. 

Mr.  Jas.  Gray  ( Vice-Pratidcnt):  While 
welcoming  Mi-.  Meiklejohn  as  a  new  contri- 
butor to  the  proceedings  of  the  Society,  my 
regret  is  that  he  has  taken  exception  to 
what  has  been  for  the  past  six  years,  a 
standard  method  for  the  detennination  oi 
available  lime,  and  has  endeavf>ured  to  up- 
set it  with  data,  which,  to  my  mind,  are 
certainly  inconclusive. 

Available  lime  determinations  have  been 
the  subject  of  voluminous  discussion  in  our 
proceedings,  and  considerable  work  on  the 
the  subject  was  carried  out  by  the  Chemical 
Sub-Committee  of  the  S.A.  Engineering 
Standards  Committee,  before  the  method 
finally  adopted  was  arrived  at. 

The  departures  from  the  standard  metluxl 
recommended  by  the  author  are  essentially  : 

(1)  Finer  grinding. 

(2)  Reduction  in   time  of  agitation. 

(3)  Standing  overnight  before  drawing 
off  sample  for  titration  (instead  of 
filtration). 

Table  No.  1,  which  deals  with  1  and  2, 
requires  further  explanation.  For  example, 
it  is  not  stated  if  the  samples  used  in  the 
experiments  were  only  crushed  to  pass  a 
GO  mesh  sieve,  as  required  by  the  "Standard 
AlethcKl,"  or  whether  they  had  been  ground 
finer  by  the  agate  mortar.  If  they  had 
been  agated  the  experiments  are  not  com- 
jiarable  with  the  •Standard  Alethofl,"  and 
if  of  the  fineness  required  by  the  "Standard 
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Method."  thev  only  provo  that  agating  is 
umiecessary.  There  are  one  or  two  clerical 
errorsi  in  the  percentage  cohnnn,  otherwise, 

1  take  it  that  the  author  reads  his  burette 
to  the  third  phice  of  decimals. 

Table  2  is  unnecessary.  It  has  been  con- 
clusively piT>ved  in  the  past  tliat  1,000  cc. 
of  a  2  '  solution  of  sugar  is  satisfactory  with 

2  gm.  of  lime.  The  point  made  regarding 
titrating  a  solution  containing  suspended 
calcium  carbonate  bespeaks  a  very  poor 
opinion  on  the  author's  part  of  his  profes- 
sional brethren. 

Table  3  is  also  unnecessary.  No  analyst 
\\orth3-  of  the  name,  takes  the  first  portion 
which  filters  through.  This  is  always 
rejected,  and  the  reason  is  obvious. 

Deleting  therefore,  the  first  50  cc.  in 
series  1  and  2  and  the  first  100  cc.  in  series 

3  and  4,  we  find  that  wliat  is  credited  to 
"  the  absoii)tive  effect  of  filter  paper,"  is 
merely  due  to  the  well  known  absoi-ption  of 
CO2  from  the  air  by  lime  water. 

As  in  two  cases  further  filtration  shows 
results  differing  by  0*2 /'  lower  (0"071  cc. 
.V  TO  acid),  a  difference  of  this  magnitude 
is  obviously  experimental  error. 

The  author  recommends  standing  over- 
night before  titrating.  It  is  well  known  by 
those  familiar  with  lime  detenxiinations, 
that  this  tends  to  give  low  I'esults,  and  to 
my  mind  the  results  shown  in  Table  1  con- 
firms this.  If  six  hours'  agitation  is  exces- 
sive and  gives  a  lower  result,  sureh'  stand- 
ing in  contact  oveiiiight  will  have  a  similar 
effect. 

One  of  the  most  essential  details  in 
the  analysis,  is  the  proper  standardisation 
of  the  acid,  and  I  believe  this  to  a  great 
extent  to  be  responsible  for  variations  in 
results.  I  am  not  sui-prised  to  find  that  the 
author's  results  on  titrating  solutions  with 
deci-noiTnal  sulphuric  and  hydrochloric 
acids  gave  results  "  pi-actically  identical  in 
each  case." 

In  my  opinion,  the  case  made  by  the 
author  for  a  modification  of  the  "Standai'd 
^Method"  is  not  supported  by  the  evidence 
he  has  brought  fonvard.  I  do  not  maintain 
that  because  a  method  has  been  standard- 
ised that  it  is  not  capable  of  improvement, 
but  I  consider  that  it  is  desirable  when  such 
an  endeavour  is  made,  that  the  data 
supporting  it  should  be  of  such  a  nature, 
that  different  conclusions  cannot  be  drawn 
according  to  the  perspective  fi-om  wliicli  it 
is   examined. 


THE  APPLICATION  OP  THE  THEOEY 

OP    PPOB ABILITY    IN    THE 
DETEKMINATION  OP  OPE  PESEPVES 


13  V    O. 


A.    Watkkmkvkk,    p. a.,    A.H.S..M. 
(Member  of  Council). 


(Printed  ai  Journal,  Jatiuary,   1919. 


DISCL'SSIOX. 

Mr.  J.  Gibson  (A.^sociittc) :  The  author 
has  undoubtedly  opened  up  a  subject  which 
provides  material  for  discussion  from  a  good 
many  standpoints,  and,  after  careful  perusal 
of  his  i)aper,  one  hardly  knows  from  which 
standpoint  to  discuss  the  subject  n^iatter 
without  introducing  more  material  collected 
b}'  different  methods  to  tliose  adopted  by 
him. 

Brieriy,  his  papei-  contsists  of  a  mathe- 
matical discussion  on  tlic  pi-obability  of 
recurring  events  and  on  applications  of 
frequenc}^  diagrams  to  stope  values.  It  will 
be  readily  granted  that  these  frequency 
diagi'ams  can  be  obtained  in  any  number, 
but  to  apply  them,  when  obtained,  in  the 
way  suggested  does  not  appear  quite  logical, 
nor  would  it  become  convincing  that  tliey 
can  be  applied  to  deduce  a  law  governing 
the  distribution  of  gohl  in  tlie  banket  beds 
of  the  Eand. 

Other  members  have  already  shown  that 
equally  good,  if  not  closer  results  than  those 
chosen  by  the  author,  have  been  obtained 
by  sevei'al  mines.  Coupled  with  the  expla- 
nations they  have  offered  for  discrepancies, 
does  there  really  exist  the  necessity  for 
introducing  the  method  of  least  squares? 
Th's  method  is  usually  applied  to  the  elimi- 
nation of  the  "residual  errors"  of  a  number 
of  actual  observations,  but  the  author  does 
not  give  reasons  why  it  sliould  be  applied  to 
the  distribution  of  reef  \alues  in  a  mine. 
He  states  that  some  method  is  necessary 
to  bring  into  balance  the  discrepancy  which 
exists  between  the  actual  recovei-y  in  the 
reduction  works  and  the  recovery  estimated 
from  the  mine  sampling,  and  proposes  to 
apply  the  frequency  curves  to  effect  this. 
Suppose  they  be  so  applied,  does  their  appli- 
cation then,  eliminate  all  tlie  other  known 
factors  wliich  also  affect  the  discrepancy"' 
One  can  at  once  reply  in  the  negative.  It 
is  very  easy  to  be  misled  in  dealing  with  the 
huge  mass  of  data  of  varying  factors  which 
affect  the  matter  under  disc\ission  and  be- 
cause tlie  mine  sampling  results  are  most 
frequently  high,  any  method  which  will  tend 
to  hannonise   these   results   is   liable   to  be 
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iliii;r;iiiis  ;i  low  wci^lit  lor  lii^li  sjmi|»l('s  this 
|p|(iji(ist'(|  uictliinl  liJts  a  ti'ii(lt'iicv  all  in  one 
(liicitidii  wliicli  liappi'iis  to  l)c  llif  (lirt'c'tion 
ilrsiii'<l  ;  Iml  l)c'ca\isf  this  happens  to  he  so, 
arc  \\t'  jiistilicd  in  its  use.'  Tlic  cliict'  caiiscs 
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many  years  to  pi<it  on  |)ap('r  tiit-  p^jsitions 
and  valni's  of  sections  wlierevcr  saniple«|, 
aiul  then  to  j^ronp  these  as  rcf,'ularly  as 
I)ossii)Ie  to  ascertain  the  mean  \ahie  of  any 
lace.     This  jirocess  has  thrown  a  /^(kkI  deal 


rhe    latter   re<piwe    \crv    care- 
wlicre    leaders    arc    thin    and 


tor  the  discrepam-y   lie   in   stoi)c-\\idths   and       of  \\^\d  on  the  trend  of  values  and  has  been 

particnlarly  useful  in  defininf^  the  extent  of 
the  piotitahle  sections  of  the  various  reefs 
.mkI,    as  a   consc(pic'ncc,   also  the   shape  and 
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The  proposal  to  use  the  frerpiency 
diajLjrams  invites  an  enquiry  into  other 
methods  of  dealing  with  reef  values,  and  it 
mi^dit  be  of  some  interest  to  menil)cvs  if  I 
submit  a  few  to-night. 

It  has  been  establislied  that  the  nearer 
we  approach  to  regularity  in  all  the  details 
of  sampling,  the  better  is  the  chance  of 
obtaining  dependable  results.  Hence  in 
order  to  get  the  best  grouping  of  a  series  of 


size    of    tlie    blochs    to   be    included    in    the 
reserves. 

In  dealing  with  particularly  high  or  low 
values  where  they  occur,  it  has  been  deemed 
best  to  t:ilve  check  samples  at  the  spot  and 
also  a  few  feet  on  either  side.  From  these 
it  is  easy  to  work  out  a  mean  value  for  the 
section  before  including  it  in  its  place  for 
averaging  up.  Occasionallj"  the  high  results 
arc  confirmed,  but  more  often  than  not  the 
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corrected  value  of  the  section  is  found  to  | 
be  very  much  lower  than  the  original. 
Nevertheless,  it  i>i  found  that  these  very 
high  sections  do  exist  and  are  found  in  con- 
secutive samplings.  Thus  we  are  forced  to 
accept  them  as  detinite  units  or  facts  to  be 
logically  dealt  with,  and  we  would  be  glad 
to  have  plenty  more  of  them.  For  the 
same  reason,  a  tall  man  in  a  crowd  is  a 
definite  unit,  but  it  would  be  wrong  to 
disregard  his  existence  or,  on  the  other 
hand,  in  calculating  the  average  heiglit  of 
the  crowd  to  use  the  mean  between  his 
height  and  that  of  any  two  other  persons 
at  a  distance  on  either  side  of,  say,  20  ft., 
representing  the  distance  between  our 
sampling  sections. 

A  consideration  of  the  height  of  every 
individual  forming  the  crowd  would  give  the 
average  height.  It  is,  therefore,  unneces- 
sary to  introduce  frequency  diagrams  for 
this  purpose.  Similarly,  in  mininc  we  have 
to  reckon  with  values  per  ton,  and  to  derive 
a  quantity  of  gold  from  a  given  tonnage  cf 
rock.  Total  gold  is  the  crux  of  the  whole 
question. 

Take  another  analogy.  The  Transvaal 
consists  of  a  number  of  farms  of  varying 
sizes  and  value.  \Yould  anyone  attempt 
to  compute  its  area  or  value  by  plottincr 
frequency  curves  of  the  individual  farms? 
Or,  to  put  a  value  per  morgen  on  Stander- 
ton  farms,  based  on  the  value  per  morgen 
of  the  Bushveld?  Again  the  question  cui 
be  answered  in  the  negative.  Thus  wo 
conclude  the  method  cannot  be  adopted  to 
place  a  value  on  a  mine,  a  section  of  a 
mine,  or  a  stope  face,  based  on  the 
frequencies  of  values  either  in  an  adjoininc: 
mine,  another  section  of  the  same  mine  or 
even  the  opposite  face  of  the  same  stope. 

This  latter  point  becomes  c]ei\v  by  a 
study  of  the  accompanying  diagram. 
which  represents  a  plan  of  one  of  the 
stopes  on  the  Geldenhuis  Deep  whieli 
occurs  in  the  track  of  a  fairly  well  defined 
chute  of  profitable  reef  consisting  of  South 
Reef  and  Main  Reef  Leader  close  enough 
to  be  worked  as  one  stope. 

The  approximate  direction  of  the  chute 
is  south-east,  and  the  two  reefs  have  been 
mined  together.  Only  those  sections  above 
400  inch-dwt.  have  been  sTiown  on  tluj 
diagram,  and  the  table  gives  the  number 
and  value  of  sections  in  each  half  of  the 
stoped  out  area.  Tt  is  fairly  obvious  then 
that  the  frequency  diagrams  of  the  western 
half  could  not  reasonably  be  applied  to 
values  on  the  east  face  of  the  stope   as  it 


stands  or  luce-vcrsa.  Hence  it  cannot  be 
used  in  the  detei-niination  of  ore  reserve 
blocks  in  whieh  taci'  vahies  arc  used.  For 
the  same  reason  it  rannot  be  a})piie(l  to 
correlate  the  gold  called  for  from  working 
faces  with  the  gold  actually  recovered  from 
the  works. 

The  three  cross-sections  shown  represent : 
first,   one    across   the   chute    and    along   the 
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Fig.    II. 

west  face;  second,  one  tlirougli  the  middle 
of  the  stope,  and  the  third,  one  along  the 
east  face.  In  these  the  ordinates  represent 
inch-dwt.  and  the  abscissae  feet  drawn  to 
scale.  The  areas  of  these  represent  feet- 
inch-dwt.,  and  the  average  value  in  inch- 
dwt.  can  be  easily  obtained  at  the  respec- 
tive sections.  An  inspection  will  suffice  to 
show  there  is  a  marked  difference  in  value 
between  the  west  and  east  faces.  On  the 
latter  the  contraction  in  both  ordinates  and 
length  of  section  which  could  be  considered 
payable  is  remarkable.  Another  point  ix> 
which  attention  mipht  be  directed  here  is 
that  a  series  of  such  cross  sections  represent- 
ing values  would  give  a  very  close  approxi- 
mation of  the  total  gold  contents,  but  again 
regularity  must  be  observed. 


Apiil  lyii)     ti'.  .1.    Wa/i-nii^j/er.—.l/'/j'i'ii/;,,,,  ,,r'  77,,.,,  //  ni'  I'lohnhilih,  .„  //,,    f)<i, . 


..,■(),■•  n< 


•n\r> 
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show  that  there  is  a  greater  preponderance 
of  high  seoti<Mis  towards  the  west  face  than 
ni'ar  the  '■;i-t    l.ir. 
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It  may  be  noted  that  the  average  value 
of  the  faces  in  inch-dwt.,  as  indicated  on 
the  plan,  are  those  deduced  from  all  the 
sections  from  zero  upwards,  lying  within 
about  30  ft.  of  the  face. 

Accepting  the  fact  that  frequency  curves 
can  be  deduced  from  past  results,  we  would 
still  be  justified  in  not  using  them  since 
there  are  other  facts  to  be  considered  in 
our  attempts  to  work  the  mines  so  as  to 
yield  the  best  profit.  It  is  customary  to 
sample  better  stopes  at  longer  intervals  of 
time  than  the  doubtful  ones.  Hence  this 
custom  alone  would  detract  from  the 
accuracy  of  the  diagrams.  Several  other 
reasons  have  already  been  given  by  other 
members  in  their  contributions. 

It  is  some  years  now  since  the  fact  began 
to  be  revealed  that  whilst  the  richer  patches 
in  the  beds  were  found  in  more  or  less 
iiTegular  stretches  yet  these  appeared  to  be 
unhanged  along  more  or  less  definite  zones 
or  chutes.  Tliis  was  particularly  noticed 
where  large  extents  of  poorer  values  had 
been  encoimtered  and  the  policy  was 
evolved  of  doing  much  less  exploratory  work 
in  these  zones,  thus  aj^plying  tin-  ])ractice 
luiown  as  selective  mining  to  the  develop- 
ment as  well,  and  there  is  little  doubt  that 
mucli  expenditure  in  development  has 
rightly  been  obviated.  Within  these  chutes 
it  can  be  noted  that  richer  patches  exist, 
but  on  the  whole  the  gold  contents  are  dis- 
tributed very  irregularly,  and  whilst  we  are 


ail  aj^rccd  thai  Ihc  ri'cuuciliaLiou  ol  various 
(lata  is  very  desirous,  there  are  so  many 
varying  and  <livcrse  factois  appearing  and 
disappearing  tliat  to  establish  any  law  which 
can  be  a|)pli('(l  with  certainty  hardly  seems 
possible.  Hence  we  are  foicc<l  t<>  consider 
every  problem  on  its  own  merits,  and  apply 
to  its  solution  s^)und  principles  and  reason- 
ing. In  dealing,  therefore,  with  slope 
values,  we  cannot  depart  from  this  practice, 
and  eacii  one  must  still  be  considered 
individually  aiul  indepeiidi-nt  of  other  stopes. 
For  these  and  many  other  reas^jns  it  seems 
inadvisal)le  that  the  author's  suggestions 
should  be  incorporated  in  our  practice  of 
valuation.  Nevertheless,  we  are  indebted 
to  him  for  his  work,  and  hope  that  it  will 
be  productive  of  better  methods  and  results. 

In  conclusion.  I  have  to  thank  Mr.  Eose, 
the  manager  of  the  Geldenhuis  Deep, 
Limited,  for  permission  to  use  the  data 
given  in  this  contribution. 

Mr.  A.  E.  Payne  'Member):  The  object 
of  tlK>  author's  papi-r  appears  to  be  crystal- 
lised in  the  expression  (p.  98,  first  pani- 
graph  of  the  Jounial)  '"  we  shall  have  to 
go  farther  (than  the  arithmetic  mean)  and 
see  whether  there  is  not  some  law  govern- 
ing the  distribution  of  values  which  will 
enable  us  to  arrive  at  a  much  closer  valua- 
tion  tlian  has  heretofore  been  possible.  " 

The  author  proceeds  by  a  \ev\  interesting 
application  of  mathematical  laws  to  develop 
a  factor  by  which  the  occurrence  of  inch- 
dwt.  values  in  mine  sampling  can  be 
weighted  so  that  any  erratic  tendency  in 
such  may  be  discounted.  The  process  of 
doing  this  is  most  interesting  and  very 
clearly  set  forth,  acting  as  a  fillip  to  all 
whose  exercise  in  mathematical  functions 
is  but  rarely  called  into  play,  and  one  can- 
not tnit  be  grateful  to  the  author  for  such 
a  pretty  play  of  reasoning.  However 
interesting  this  line  of  rea'^oning  may  be, 
its  usefulness  must  be  judged  by  its  appli- 
cation to  know  facts,  and  the  results  so  far 
obtained  from  the  monthly  returns  of  the 
several  mines  mentioned  appear  to  me  to 
err  as  much  on  the  high  side  of  what  is 
ex])ected  from  valuation  f  f  reserves  as  were 
the  previous  results  on  the  low  side. 

I  am  not  sure  in  my  own  mind  that  one 
can  apply  mathematical  laws  to  the  deposi- 
tion of  the  gold  in  the  banket  beds.  The 
fact  is  very  apparent,  however,  that  there 
is  a  remarkable  regularity  in  the  deposition 
of  this  gold  and  it  may  so  approach  the 
j  known  conditions  of  heads  and  tails  on 
coins,  or  colour  of  balls  in  a  bag,  to  warrant 
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one  applying  the  mathematical  laws  to  deal 
with  its  exposure  and  the  necessary  ore 
valuation.  The  application  of  the  theory  is 
certainly  on  the  side  of  probability  and  can, 
in  my  opinion,  be  allowed  to  stand  the  test 
of  time. 

A  few  practical  points  occur  to  me  to 
disturb  the  general  criticism  that  the 
methotl  of  valuation  of  mean  results  of 
samplers'  values  is  not  satisfactory. 

The  author  deals  with  the  personal  factor 
of  the  sampler  and  assayer  and.  if  I  under- 
stand him  coiTectly,  he  minimises  their 
erroi-s  by  the  mathematical  application  of 
known  law  in  the  theory  of  errors.  But  he 
does  not  deal  with  the  method  of  mining 
the  ore  so  as  to  discount  the  irregular  supply 
of  the  latter  to  his  reduction  plant.  He 
takes  no  account  of  tlie  fluctuation  cf  native 
labour  in  Rand  conditions  which,  speaking 
generally,  results  in  an  accumulation  of 
broken  ore  in  a  mine  one  month  and  a 
complete  depletion  of  it  the  next.  Let  us 
imagine  tliis  month  stretched  into  a  period 
of  months,  which  in  my  personal  experience 
is  of  common  oceuiTence,  and  where  does 
his  percentage  recovery  of  his  mine  valua- 
tion get  to  then  ?  No  mine  ever  recovers 
in  one  month  the  gold  in  the  ore  that  is 
broken  in  that  month.  Would  the  avithor 
assume  that  the  swings  would  balance  the 
roundalxiuts  ?  I  think  not,  and  therefore  it 
must  be  assumed  that  the  recovery  of  gold 
may  be  only  that  of  a  poi-tion  of  the  ore 
broken  in  the  mine.  Since  the  introduction 
of  water  service  to  the  mines  it  has  been 
possible  to  wash  certain  areas  of  stopes  that 
have  been  exhausted  of  ore  reserves  for 
years.  'Sly  recent  experience  in  can-ying 
out  this  policy  may  be  of  interest  to 
members.  No  sand  filling  has  been  done 
in  the  mine,  and  as  the  area  of  workings 
reached  a  greater  depth  from  the  surface 
and  the  w^eight  of  exhausted  areas  made 
itself  felt  on  workings  lower  down  the  mine 
it  became  evident  that  the  system  of  sup- 
porting the  hanging  wall  in  the  upper 
portion  of  the  mine  was  inadequate  to 
prevent  the  drag  of  those  workings,  when 
collapsing,  nor  was  it  sufficient  to  give  a 
steadying  effect  on  tlio  hanging  wall  being 
exposed  lower  down.  There  are  always 
little  isolated  portions  of  ore  reserves  left 
behind  in  what  are  practically  exhausted 
areas,  and  it  becomes  some  poor  mine 
oflBcial's  duty  to  get  at  those  isolated  blocks 
and,  when  doing  so,  to  have  to  keep  open 
many  levels  which  show  marked  desire  to 
crush  and  cave  in.     In  the  course  of  such 


exploi'atory  work,  we  have  developeil  at  the 
Consolidated  Langliiagte  Mines  a  com- 
plete system  of  su])]H)rting,  washing  and 
thoroughly  re-examining  so-called  exhausted 
areas.  \Miere  the  hanging  wall  is  compara- 
tively safe,  washing,  preceded  by  shovelling 
an3'  loose  rock,  brushing  and  scraping  is 
followed  by  sj'stematic  pigstying,  the  pig- 
sties being  filled  with  waste  rock  obtained 
by  breaking  up  the  clean  footwall.  Where 
the  area  shows  signs  of  caving,  skeleton 
pigsties  are  run  in  prior  to  cleaning  and 
washing  and  are  subsequently  fille<l  with 
waste  rock. 

Our  experience  of  the  (|uantity  of  broken 
ore  obtained  bj  this  method  has  been  aston- 
ishing. Accumulations  liave  been  dis- 
covered which  no  one  knew  existed.  Tii 
one  area  of  about  1,000  fathoms  it  was 
calculated  that  at  least  a  depth  of  1  ft.  over 
the  whole  area  M'as  obtained.  In  addition, 
and  more  pai'ticularly  in  south  reef  stopes. 
large  areas  of  unmined  leader  were  exposed 
i)\'  this  method  and  ore,  which  had  been 
included  in  the  estimate  of  the  reserves, 
had  been  recovered. 

Din'ing  the  process  of  washing  grab 
samples  of  the  ore  are  taken  by  the  samp- 
ling department  and  the  values  returned  arr 
as  equally  enlightening  as  the  quantity  of 
ore  obtained. 

It  is  with  the  qviestion  of  value  that  we 
come  back  once  more  to  the  author's  paper. 
If  one  can  assume  that  all  mines  have  been 
more  or  less  so  worked  and  that  there  are 
large  areas  on  the  Rand  unswept,  as  well 
as  unwashed,  there  is  truly  a  reserve  of 
gold  stored  and  ready  for  our  calculations 
which  I  venture  to  think  will  give  more 
solid  satisfaction  to  our  Directors  than  any 
attempt  to  explain  away  the  deficiencies  in 
our  ore   reserve   valuation. 

We  have  been  carrying  out  this  cleaning 
work  for  about  18  months,  but  though  we 
are  breaking  about  2.750  fathoms  a  montli 
at  present  we  have  only  reached  a  stage  this 
month  of  washing  approximately  the  same 
ai'ea.  Last  month  tlie  yield  in  tonnage  fron^ 
this  source  was  over  6,000  tons.  It  is  too 
early  yet  to  say  what  effect  the  gold  so 
obtained  will  have  upon  the  recovery  value 
of  the  mine,  but  it  must  be  beneficial  and. 
if  the  areas  worked  out  are  systematically 
cleaned  at  about  the  same  rate  as  other 
areas  are  mined  over  an  appreciable  period 
of  time,  one  will  lie  in  a  position  to  say 
without  doubt  that  all  ore  reserves  credited 
to  the  mine  at  a  certain  value  has  been 
accounted    for    and    the    recovery    of    gold 
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rrpivsetlts  !i  i'('i(;iiii  pcrffiilaf^c  of  tliat 
value. 

Ki'vcrtiii^'  oiuu'  a','aiii  to  the  optMiing 
para^'nipli  <if  my  reniaiUs.  it  is  my  belief 
tliat  before  lookiiij;  to  apply  mathematieul 
laws  to  the  defieiency  of  our  estimates  we 
should  first  make  sure  that  we  get  out  of 
the  mine  all  the  ore  which  we  have  credited 
ourselves  with. 

Prof.  J.  Cellier  t.Mrmhrr):  1  greatly 
welcome  the  authoi's  paper  tor  reasons 
which  I  hope  I  shall  be  able  to  explain. 
I'irst  ot  all,  we  have  here  a  reef  which  lends 
itsell  to  sampling  jirobably  betti-i-  than  any 
other  existing  in  tin-  world.  Some  parts  of 
it  are  easier  sampled  than  others,  for 
example,  on  the  Far  East  lumd  where  the 
bed  overlies  slate  and  underlies  rpiart/.ite 
in  the  hanging. 

When  we  consider  that  the  highest 
branches  of  theoretical  and  practical  mathe- 
matics as  applied  in  astronomy  and  survey- 
ing make  use  of  the  theory  of  probability, 
the  practice  is  also,  as  shown  b}'  the  author, 
readily  ap])licable  to  sampling,  especially 
when  the  sampling  can  be  trusted.  When 
values  are,  in  the  case  of  a  reef  like  ours, 
so  evenly  distributed,  comparatively  speak- 
ing, then  the  theory  of  probability  is  very 
excellent.  ]Many  calculations  can  be  elimi- 
nated by  applying  an  assay-plan-factor,  and 
this  is  very  interesting  sometimes,  it 
depending  on  who  is  doing  the  averaging.  I 
have  had  for  many  years  to  earn  mj'  living 
sampling,  and  for  many  years  after  that  in 
'(  cturing  on  sampling  and  mine  valuation. 
Then  you  appreciate  the  fact  that  a  mathe- 
matical probability  is  applicable  to  these 
calculations  al-o.  If  the  samples  are  well 
taken  and  the  calculation  is  well  done,  you 
may  find  a  hundred  per  cent,  recoveiy ;  that 
is  metal  called  for  equals  metal  extracted. 
Otherwise,  there  generally  is  a  considerable 
amount  of  variation. 

T  very  much  appreciated  the  paper,  and 
T  think  we  owe  the  author  a  sincere  vot^e  of 
thanks. 

Mr.  G.  M.  Clark  (Past-PrcHident  of  ihe 
S.A.  Insiiiiition  o/  Engineers  i  communi- 
cated the  following:  — 

I  am  very  glad  that  this  paper  has  been 
presented  to  the  Society,  firstly  because  of 
its  intrinsic  excellence  and,  secondly,  for 
two  more  personal  reasons.  One  of  these 
is,  that  I  was  very  closely  associated  with 
T>Y.  Troup  and  Dr.  Maynard  at  the  time 
that  thev  wrote  their  classical  short  paoer 
on  ■■  ]\rndern  Statistical  ^lethods  " — which 
paper  has  received  a  very  high  compliment 


from  tlir  aullior  a^  lie  lias  ijuutid  tricl,\ 
from  it,  Iceling  doid)tli'ss  that  it  would  be 
diflieull  to  e.\press  the  elements  <d  these 
statistical  methods  mor«'  clearly  than  they 
have  done.  'J'liis  paper  is  unfortunately 
somewhat  inaccessible,  and  I  hope  that  in 
addition  to  otlu  r  residts  the  author's  j)ai)er 
will     lead     to    this     valuable     exjjoKition    of 

Modern  Statistical  .MetlxKls  '  being 
reprinted — as  it  ought  to  be  in  the  hands 
of  everyone  who  deals  with  figures. 

In  the  second  place,  it  hapj)ened  that 
s<3me  time  ago  my  attention  was  directe<l 
to  a  method  of  calculating  ore  reserves  that 
did  not  please  me,  and  I  had  thought  of 
preparing  a  paper  myself  on  very  similar 
lines  to  those  now  followed  by  the  author, 
but  my  own  paper  never  arrived,  for  I  had 
the  feeling  that  the  poet  luul  already  statefl 
the  general  proposition  in  his  remarks  on  the 
sometimes  foolishness  of  wisdom.  He  did 
not  live  in  the  commercial  age  that  we  now 
do,  and  so  did  not  compare  the  relative 
advantages  of  swings  and  roundabouts  in 
the  revenue  of  a  circus,  but  was  content 
with  contrasting  a  gain  of  knowledge  with  a 
possible  loss  of  happiness. 

Whilst  everyone  connected  with  mining, 
from  the  sampler  to  the  stock-broker,  will 
agree  that  mining  is  speculative,  they  have 
not  the  training  to  recognise  that  these 
chances  obey  laws  that  can  be  formulated 
better  than  any  that  the  lawyers  are  capable 
of  drafting.  Pope  has  defined  chance  as 
the  direction  that  thou  cans't  not  see;  but 
it  does  not  follow  that  because  thou  art 
blind  to  these  things  that  everyone  else  is 
also  walkint:  in  darkness.  Whilst  the  laws 
of  probability  do  not  enable  us  to  predict 
precisely  what  will  happen  in  any  named 
event,  they  do  enable  us  to  distinguish  the 
things  that  will  happen  often  frotn  thosp 
that  occiu-  seldom. 

Now  the  study  of  probability — that  is  the 
study  of  the  chances  of  things  hap])ening 
often  or  seldom — must  from  this  elementary 
notion  of  what  it  is,  have  for  its  foundation 
infonnation  as  to  the  frequency  with  which 
events  occur.  So  the  first  step  in  all  statis- 
tical problems  is  to  an-ange  the  data  in  the 
order  of  their  frequency.  Mere  tables  of 
figures  are  not  statistics,  though  often  con- 
founded with  them.  Every  mining  property 
on  the  Hand  is  covered  with  mountains  of 
these  numerical  compilations  and  the 
proportion  of  the  real  statistical  work  done 
on  them  is  probably  about  the  same  percent- 
H^re  as  is  the  irold  in  a  slime  dam.  Increas- 
ing the  size  of  tlie  slime  dam   will   almost 
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c-ertainlj  increase  the  total  gold  conteuts. 
but  will  by  no  means  increase  the  possibility 
of  getting  it  out.  So.  too,  with  statistical 
work,  fresh  compilations  of  figures  or  more 
(lata  on  any  old  problem  do  not  necessarily 
facilitate  the  solution  of  the  problem.  To 
extract  gold  from  sliiuf  rc(|uires  actions  of 
quite  another  type  from  those  involved  in 
pihng  up  the  dam.  The  statistical  data 
from  a  mass  of  figures  can  never  be 
extracted  unless  acted  upon  by  the  solvent 
of  greater  knowledge.  Sampling  appears  to 
be  a  case  very  much  in  point.  It  has  always 
been  known  that  mill  returns  never  agreed 
as  they  should  do  with  the  results  of 
previous  sampling,  and  efforts  have  been 
made  to  con-ect  this  by  piling  up  more  and 
more  siimples,  instead  of  going  to  work  as 
the  author  of  this  paper  has  done,  treating 
the  sampl(-s  with  the  correct  solvent  and 
thus  arriving  successfully  at  a  satisfactory 
reconciliation.  With  proper  statistical 
treatment  of  the  samples,  it  is  probable  that 
the  cost  of  the  work  could  be  halved  and 
its  value  much  more  than  doubled. 

The  results  obtained  by  the  author  are 
of  interest  and  value  in  many  respects. 
One  in  particular  is  striking  to  the  statis- 
tician, for  the  author  shows  that  the  samples 
taken  from  the  mines  do  not  lie  along  one 
frequency  curve  but  en  branches  of  two 
different  normal  curves  as  they  are  called. 

The  chief  interest  in  this  point  is  that  it 
touches  upon  the  line  of  cleavage  between 
different  schools  of  statisticians.  Some 
lean  to  the  opinion  that  all  frequency  cxn-ves 
should  be  made  up  of  these  Xonnal  or 
Gaussian  curves,  whilst  others  lean  to  the 
opinion  that  if  a  true  random  sample 
has  been  taken,  then  there  should  be 
but  one  frequency  cum'e,  not  necessarily 
Gaussian,  passing  through  the  whole  distri- 
bution. My  own  leaning  is  towards  the 
latter  mode  of  thought,  whilst  the  author 
has  accepted  the  former.  I  am  inclined 
to  think  that  there  is  some  disturb- 
ing cause  in  the  method  of  sampling  that 
has  prevented  a  true  random  sample 
from  being  taken.  Such,  for  example,  as 
the  lack  of  proper  representation  of 
the  poorer  samples,  and  T  should  take  the 
failure  of  the  statistics  to  fit  into  a  single 
frequency  cur\'e  to  be  a  proof  of  this.  It  is 
a  hard  matter  to  get  a  genuine  random 
sample  unbiassed  by  the  opinion  of  the 
sampler.  It  is  not  always  recognised  that 
the  "bad  observation"  is  just  as  much  a 
part  of  a  frequency  curve  that  must  occur 
seldom   as  is   the   so-called   "good  observa- 


tion" near  the  mean  that  occurs  often.  It 
should  he  possible  to  test  a  sampler  by  tlic 
goodness  of  fit  of  the  freciuencies  in  his 
samples  to  a  recognised  distribution  curve; 
not  by  any  means  tlie  same  for  different 
mines  or  reefs. 

This  difference  of  opinion  between  the 
author  and  myself  on  such  a  point  by  no 
means  detracts  from  the  value  of  the  work 
done,  but  rather  enhances  it.  More  study 
in  the  direction  that  the  author  has  so  well 
begun  is  certainly  needed,  both  in  the  test- 
ing of  samplers  and  in  the  inter-pretation  of 
the  random  samples.  It  will  be  most 
interesting  to  see  in  the  discussion  how  the 
figures  from  other  groups  of  mines  support 
these  views. 

The  author  is  to  be  congratulated  on  the 
practical  sliape  of  his  resiilts,  for  he  has 
eventually  eliminated  all  the  mathematical 
treatment  and  left  only  a  table  of  multipliers 
that  can  very  readily  be  applied  by  those 
who  have  not  the  recjuisite  equipment  other- 
wise to  obtain  the  "weighted  mean"  instead 
of  the  ill-used  "arithmetic  mean"  which 
seems  to  supply  all  the  needs  of  the  mean 
intelligence.  I  hope  that  the  author  and 
his  assistants  will  be  persuaded  to  continue 
this  most  excellent  piece  of  work.  It  will 
certainly  have  great  commercial  value — 
whatever  other  advantage  it  may  possess  in 
adding  to  our  knowledge  even  if  we  have  to 
risk  some  happiness  in  efforts  to  understand 
it. 

Mr.  G.  J.  V.  Clarence  (Associate):  In 
reading  the  author's  paper  on  the  "Applica- 
tion of  the  Theory  of  Probability  in  the 
DeteiTTiination  of  Ore  Keserves,"  the  first 
point  which  strikes  me  is  whether  the 
premise  on  which  all  his  elaborate  mathe- 
matics is  based  is  correct  or  not.  In 
assuming  that  the  discrepancy  between  the 
actual  value  of  the  mill  yield  and  that 
predicted  from  the  mine  sampling,  is  due 
entirely  to  the  effect  of  abnormally  high 
values,  the  author  appears  to  have  over- 
looked the  fact  that  the  difference  is  probably 
due  in  far  greater  measure  to  other  factors 
altogether  such  as,  under-estimation  of 
stoping  widths,  and  the  loss  of  gold  caused 
by  the  inclusion  of  reef  and  fines  in  packs 
and  by  fines  being  washed  into  cracks  and 
depressions  in  the  footwall  of  stopes  and  to 
other  reasons.  If,  however,  his  principle 
be  looked  upon  simply  as  a  new  method  of 
discounting  sample  values  in  order  to  brine 
them  into  closer  agreement  with  actual 
recovery  values  in  the  mill,  then  it  appears 
to   be    fairly    satisfactory    when    applied    to 
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sto|)i'S  and  cl(>\c'lopiin.iit  in  wliicli  the  whulc 
ivrf  fliannel  is  exposed  in  the  workings; 
tliis.  liowi'ver,  is  vciy  fit'(|nently  not  tho 
case  in  actual  practice.  Where  pay  reefs 
luive  been  left  in  the  hanging  or  foot  wall  of 
stopes.  or  have  not  been  fully  exposed  in 
development,  such  should  be  discovered  and 
allowed  for  in  valuing  the  ore  reserve  blocks, 
but  this  would  not  be  done  under  the  hard 
and  fast  rule  advocated  by  the  author. 

It  appears  to  the  writer  that  the  most 
important  attribute  that  is  n-quired  in  the 
estimation  of  ore  reserves  is  judgnu-nt  born 
of  experience  and  knowledge  gained  in  the 
examination  of  different  mines  under  varied 
conditions. 

The  writer  has  had  considerable  experi- 
ence in  the  estimation  of  ore  reserves  for 
the  group  of  mines  with  whicb  he  is 
associated,  and  has  frequently  compared 
the  results  actually  obtained  from  stoping 
in  ore  reserve  blocks  with  those  computed 
from  the  ore  reserve  valuation.  The  fairly 
close  agreement  of  the  values  called  for 
from  ore  reserve  blocks  with  the  actual 
values  obtained  from  them  is  shown  in  the 
follow i n c:  table:  — 


Inch-Pennvweiahts  )iased 

on  Recovery  plus  Residues. 

Perioil.' 

Percentage 

Mine. 

Months. 

Ore 

Actual  Recovery 

Error. 

Reserve 

Plus 

-.■  0\A 

Value. 

Residue  Value. 
508 

A 

9 

449 

+ 1 1  ■f'Z 

B 

12 

395 

4<I5 

+   2  5% 

C 

in 

331 

•xm 

-   0-3% 

D 

12 

267 

289 

-   7-6% 

E 

4 

352 

358 

-f    1-7% 

It  will  be  noted  that  in  four  cases  out  of  five 
the  actual  recovery  plus  residue  value  was  in 
e.xcess   of   the   ore   reserve  estimate. 

*The  monthly  periods  taken  vary,  as  it  was 
desired  to  give  the  latest  information  available 
for  each  mine,  dating  back  from  the  last  ore  reserve 
estimate. 

It  would  be  interesting  if  the  author  in  his 
reply  could  give  a  similar  statement,  show- 
ing how  his  estimates  have  compared  with 
actual  results  fi-om  stoping  in  ore  reserve 
blocks. 

The  statement  that  ■  The  mechanical 
work  of  ■  meaning  '  differs  very  little  in. 
amount  from  previous  custom,"  should  not 
be  allowed  to  pass  unchallenged,  for  in  the 
simple  example,  given  on  p.  106,  the  work 
involved  in  arriving  at  the  mean  of  526  is 
at  least  three  times  as  great  as  it  would  be 
by    the    ordinan'    system.        This    point    is 


bioii^lit  up  to  show  that  thi-  tinu-  factor 
involved  is  by  no  mc-ans  neglible,  and  might 
be  surticient  to  proliibit  the  ukp  of  tin* 
author's  nietii<«l  in  many  cases. 

The  authors  statement,  on  p.  lOM,  that 
values     occun-ing      in      nnprofitahle      areaK 

should  be  looked  upon  as  verj'  valuable 
facts  to  be  made  the  fullest  use  of  in  future 
estimates  "  is  obviously  incorrect,  as  such 
values  must  l)e  left  f)Ut  entirely  in  dealing 
with  jmiju^ilr  rfS«'rves.  Tliis  is  j)iirticularly 
evident  in  tin-  ease  of  mines  of  tin-  Far 
East  Rand,  wlu-rc  definite  |)ay  chutes  m-cur 
and  where  the  intervening  areas  are  entirely 
unj)ayable. 

In  taking  the  tmit  of  value  as  the  inch- 
pennyweight,  tile  author  apparently  njakes 
no  discrimination  between  varving  reef 
widths  and  values,  and  applies  the  same 
discount  to  3  in.  of  reef  assiiying  ITiO  dwt. 
as  he  would  to  oO  in.  assaying  9  dwt. 

In  conclusion.  I  think  we  must  all  feel 
inuch  indebted  to  the  author  for  his  expert 
treatment  of  his  subject,  and  for  shedding 
a  new  light  on  certain  of  its  intricacies.  It 
seems,  however,  that  some  of  his  departures 
from  current  methods  must  be  scnitinised 
cautiously  and  tiii'd  \\v\\  m  j)raetice  before 
they  are  allowed  to  supersede  our  present 
systems. 


ANCIENT    TIN    MINES    OF    THE 
TKANSVA.\L. 


By  M.\x  Baumaxx   (Member). 
I  Printed    in    Journal,    February,    1919.) 


lUSCUSSION. 

Mr.  E.  R.  Schoch  (Member):  Having 
been  for  a  number  of  j^ears  closely  ass<K'iated 
with  tin  mining  in  the  Rooiberg  area,  and 
in  view  of  the  fact  that  many  of  the  ancient 
workings  mentioned  by  tlie  author  in  his 
paper  were  located  and  opened  up  under 
my  supervision,  and  the  majority  of  the 
implements,  etc..  which  he  i-xhibited,  were 
collected  and  preserved  at  the  Kooiberg 
mine,  it  is  gratifying  to  see  that  an  eflfort 
has  been  made  to  record  the  disi-overies 
and  to  trace  tlieir  history-  and  origin. 

The  autlior's  able  description  and  his 
sketches  of  some  of  the  old  workings  are 
not  only  very  interesting  but  most  instioic- 
tive,  as  showing  the  sort  of  mining  done 
and  the  methods  employed  by  the  ancients. 

Whereas  the  workings  are  for  the  most 
part   crude   and   primitive,  one  fact  stands 
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out  cle:irl\ .  aiui  that  is,  the  people  who 
worked  tlie  mines,  or  their  supervisors, 
were  wry  careful  observers,  aiul  tlisplavcil 
couspieuous  ability  in  thi-ir  profession.  Tliey 
mined  very  little  waste  roek,  and  scarcely 
ever  lett  standini:  any  ]>ayal>le  ore.  .\s  a 
rule,  when  they  abandoned  a  stope  it  was 
really  worked  <nit  as  far  as  payable  ore 
contents   were   concerned. 

Dealing  with  the  iiistorical  section  of  the 
paper,  the  author  gives  some  very  interest- 
ing figures  relating  to  the  ap]iroximate 
(piautity  of  ore  mined  and  the  probable 
amount  of  tin  recovered  therefrom.  Person- 
ally. I  consider  his  estimate  of  the  average 
value  of  the  ore  mined  very  conser\^tive, 
probably  too  much  so.  In  this  connection 
it  may  be  pointed  out  that  the  ore  found  at 
Hooiberg  near  the  surface  was  of  mucli 
liigher  grade  than  tlie.  figure  suggested  by 
the  author;  it  averaged  well  over  20°' 
metallic  tin,  and  in  the  early  days  of  mill- 
ing operations  the  treatment  of  10%  ore  was 
nothing  unusual,  whilst  the  average  vahie 
of  the  ore  milled  for  more  than  a  year  was 
over .  7"/  for  approximately  18,000  tons 
treated.  This  included  quite  a  large  per- 
centage of  waste  rock  mixed  with  the  ore, 
which  in  modem  mining  is  unavoidable.  It 
is  in  consequence  highly  probable  that  the 
<|uantity  of  tin  recoveied  from  Rooiberg 
alone  was  mucli  more  than  1.000  tons  of 
metal,  which  is  the  estimate  given  by  tlie 
author. 

He  suggests  that  the  great  majoiity  nf  the 

tin    was    turned    into   bronze.        It    will    be 

admitted,  however,  that  there  is  very  little 

evidence    to    support    this    assumption,    the 

only    direct    piece    of    infoiTnation    available 

l»eing  the  discovery  of  "  an  unformed  lump 

or  ingot  of   bronze,  evidently  the  result  of 

an   overflow  of  molten   metal  from   a   crack 

in    the   bottom   of   the   furnace  "    found  on 

Blaauwbank,     and    the     statement    quoted 

f'om  Dr.  Theal's  hook,  where  he  mentions: 

"All  inland  dwellers  use  this  tin.  also  such 

"as  they  buy  hnm   us,  which   they  alio}' 

"with  co])per  foi-  the   pin-pose  of  making 

■"necklets  and  bracelets " 

It  seems  to  me  that  if  the  bulk  of  the 
tin  was  used  or  exported  as  bronze,  there 
would  be  more  traces  of  this  alloy  left  than 
indicated,  either  amongst  the  natives  or  in 
the  historical  records  of  the  early  traders 
along  the  coasts.  On  the  other  hand,  there 
are  several  instances  mentioned  that  bar  tin 
had  been  purchaser!  by  the  Dutch  at 
Delagoa  Bay.  Thus,  the  author  quotes  from 
the  same  book  that  in  1782  Capt.   Van  de 


Capelle  reporti'd  at  tlie  Cape  "  that  \\i\ 
had  puieliased  My  h.iis  cil  tin  tiDiii  the 
natives  (if  Di-lagoa  Hay,"  ami  also  in 
Theal's  bc^ok  entitled  "  The  beginning  of 
South  African  History,"  on  p.  418  it  is 
stated    that  : 

The  Dvitch  boat  Sniiffcldai  sailed  tm  the 

"28rd     Oetdber,     178],     fioin     liiliaiiibane 

"without    haxing    done    any    tratle    what- 
"ever,    but    at    Delagoa    l>ay,    where    the 

"Zctponf    was   rejoined.    22    slaves,    1,876 

"lb.    of    ivoi-y    and    218    lb.    of    tin    were 

"oblaiiietl "•' 

There  are  no  records  mentioned  to  show 
that  bronze  liad  been  purchased  by  either 
the    Dutch    or    Portuguese 

It  would  also  appear  reasonably  certain 
that  if  the  Dutch,  who  were  not,  strictly 
speaking,  allowed  to  trade  in  Portuguese 
territory,  were  able  to  secure  quantities  of 
tin  from  natives,  the  Portuguese  themselves 
must  have  obtained  by  barter  much  larger 
(juantities   than   the   Dutch. 

From  the  supposition  that  most  of  the 
tin  mined  was  turned  into  bronze,  and  that 
the  large  quantity  (80,000  tons)  could  not 
have  been  used  by  the  7^)antu  in  the  1,000 
years  since  they  crossed  the  Zambesi,  the 
author  expresses  the  opinion  that  the 
ancient  tin  ixiiners  may  be  con'elated  with 
the  ancient  gold  miners  of  Rhodesia,  in 
other  words,  that  they  were  contemporane- 
ous. In  support  of  this  theory  he  puts 
forward  certain  ai'gviments,  and  on  the  face 
of  it  makes  out  quite  a  good  case  ;  however, 
there  are  some  important  facts  which  can- 
not very  well  be  recoticiled  with  his  line  of 
reasoning.  Speaking  of  the  Rooiberg  area  : 
if  the  tin  workings  are  of  great  antiquity, 
how  can  it  be  explained  that  all  the  imple- 
ments and  relics  foimd  in  them  are  of  com- 
paratively recent  make '.^  f  apparently  not 
more  than  about  400  years,  which  is  the 
approximate  date  of  the  first  settlement  of 
the  Poii;uguese  on  the  coast  of  Africa).  In 
this  connection  it  should  be  remembered 
that  the  stone  hammers,  chisels,  pieces  of 
timber,  etc.,  were  not  only  found  exclu- 
sively in  the  highest  or  lowest  sections  of 
the  workings;  had  this  been  the  case  it 
might  have  indicated  widely  separate<l 
periods  of  work.  The  implements,  liowever. 
are  found,  as  it  were,  indiscriminately 
at  any  depth,  and  are  of  the  same  type  of 
construction  throughout,  clearly  indicating 
that  the  period  of  work  did  not  extend  over 
many  centuries. 

The   well   preserved   state  of  the   timber, 
the  comparatively  thin  layers  of  rust  on  the 
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•,'acls  and  hoes,  and  the  unfossilized  condi- 
tion of  the  bones  found  in  the  workings,  all 
testify  to  a  comparatively  recent  period  oi 
work.  In  this .  connection  it  may  be  of 
interest  to  mention  that  in  the  course  of 
removing  sand  from  an  old  working  at  H(H)i- 
herg  an  almost  perfect  Innnan  skeleton  was 
unearthed,  hurieil  some  8  or  4  ft.  beni-ath 
the  surface.  I'nfortunately  the  natives  dug 
their  picks  an«l  shovels  into  it  and  broke  it 
up  before  the  ])rospector  could  intervene. 
The  bones,  which  may  still  be  seen  at  the 
mine  office,  are  rather  brittle,  but  othenvise 
in  a  go<xl  state  of  ])reservation,  and  the 
teeth  are  practically  fresh.  The  skull  is 
thick,  and  accoi'ding  to  the  local  doctor,  is 
that  of  a  Kafir. 

Another  point,  which  cannot  escape 
observation,  is  that  none  of  the  ruins  of  old 
Kalir  kraals  on  Smelter's  Kop,  where 
a])parently  most  of  tiie  s^^nelting  was  done. 
res?mble  in  the  least  those,  let  us  say,  of 
(ireat  Zimbabwe ;  the  ruins  at  Rooiberg  are 
ordinary  stone  walls  undoubtedly  built  by 
Kafir^^,  and  such  as  are  found  all  over  the 
Transvaal.  The  inference  to  be  drawn  is, 
that  either  these  kraals  are  of  more  modern 
construction  and  have  no  connection  with 
the  ancient  tin  mines,  or  they  were  con- 
temporaneous with  the  latter.  It  is  reason- 
able to  suppose  that  the  old  tin  miners  built 
some  sort  of  quarters,  even  though  only  for 
temnorary    hal)itaticn. 

All  the  above  quoted  points  of  evidence, 
and  the  entire  absence  of  reilly  ancient 
relics  suggest,  in  m}'  opinion,  the  probability 
that  the  tin  mines  are  not  as  ancient  as 
nrght  at  first  sight  be  imagined,  and  tliat 
they  cannot  be  classed  as  contemporaneous 
'vitli  the  ancient  rock  mines  of  Rhodesia.  I 
incline  to  view  that  they  are  not  more  than 
from  400  to  500  years  old,  coiTcsponding 
approximately  with  the  date  when  the 
Tortusuese  first  settled  on  the  coast  of 
Africa. 

As  for  the  ignorance  of  the  modern  Bantu 
in  regai-d  to  the  smelting  of  tin  and  bronze, 
according  to  history  it  would  appear  that 
the  Bautus  who  occupied  these  areas  some 
centin-ies  ago  enjoyed  a  higher  state  of 
civilisation  and  had  more  enterprise  than 
the  present  tribes  who,  owing  to  discord, 
subjection,  and  merciless  treatment  from 
conquerors,  have  lost  many  of  the  best 
c|ualities  of  their  forefathers. 

The  iiatives  of  that  period  soon  got  to 
know  that  the  European  invaders  wante<l 
•jcild,  copper  and  tin,  and  knowing  where  to 
find  tin,  they  mined  and  smelted  it  and 
took   it  to  the   trading  stations   for  barter. 


It  is,  morc<)\tr,  not  improbable  that  the 
nativi's  only  learned  of  the  value  of  tin  and 
of  alloyiny:  it  w  ith  copper  after  having  come 
in  contact  with  Europeans,  because  no 
mention  of  tin  and  bron/e  ornnnieiits  is 
made  in  the  l><K)ks  referred  to  by  the  author, 
until  the  begiiming  of  the  IHtli  c«'ntury. 
That  the  natives  actually  sold  l>ars  of  tin 
at  the  coast  as  recently  as  1782.  is  clearly 
shown  by  Dr.  Tlieal  in  his  works  already 
( I  noted. 

It  is  ni<;v;t  uiif<»rtunate  that  many  valuaijh- 
I'ortugui'Si'  archives  and  records  of  their 
early  colonial  exploits  were  destroyed  in  tlie 
great  earth(|uake  and  fire  in  TJ>^bon  in  17.'),"», 
as  these  documents  nK)st  probably  would 
have  shed  further  light  on  this  interesting 
subject. 

In  the  circumstances,  the  matter  will 
alwa\s  remain  shrouded  in  mystery,  and  we 
shall  ])robal)ly  never  know  definitely  who 
these  ancient  workers  were,  and  the  exact 
period  of  their  mining  activity. 

The  author,  however,  is  to  be  heartily 
congratidated  upon  having  given  such  a 
carefully  prepared  and  interesting  descrip- 
tion of  the  ancient  tin  mines  in  the  Trans- 
vaal, and  his  paper  will  form  a  welcome  ami 
valuable  addif'on  to  the  records  on  this 
-subject 

Mr.  C.  J.  Gray  (Member  of  Council): 
I  have  some  discursive  remarks  to  offer  in 
connect'on  with  the  author's  interesting  paper. 


Fic. 


I'robably  it  will  be  best  to  refer  first  to 
till-  pliotograi>hs  which  I    place  before  \ou. 

T!lie  first  is  a  stereoscopic  photograph 
showing  the  lode  in  the  face  of  a  modern 
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drive  at  Kooiberg.  The  granular  j^tructui'e 
of  some  ol  the  stone  shows  clearly  where 
eassiterite  has  partially  replaced  sandstone 
along  portions  of  the  walls  of  the  original 
fissure. 

The  second  is  an  ordinary  photograph  of 
a  modern  working  on  one  of  the  horizontal 
tlats  referred   to  bv   the   author. 


Fii^.    11. 

The  third  is  a  stereoscopic  photograph 
taken  in  a  narrow  flat  stope  in  the  Vaalhoek 
G.M.,  near  Pilgrims  Rest.  It  shows  that 
veiy  narrow  stopes  can  be  worked  by 
ordinary  natives.  The  flat  stope  photo- 
graphed was  not  the  narrowest  at  Vaalhoek. 
I  iiad  to  squinii  through  a  narrower  to  the 
scene  of  a  fall  of  hanging  wall,  and  found 
that  a  fcot-rult'  could  nowhere  fit  perpen- 
dicular to  the  walls;  generally  the  width 
was  11  in.,  but  in  many  places  it  was  10  in. 
only. 


Fig.    Ill 


My  fourth  photogiapli  is  a  stereoscopic 
j)hotogi'ai)h  taken  in  an  ancient  copper 
working  broken  into  at  a  depth  of  about 
(')."•  ft.  at  ^lessina.  The  working  was  an 
irregular  drive  which  was  highest  at  the  face 
which  was  about  12  ft.  higli.  The  face  and 
other  places  where  ore  remained  was  green, 
owing  to  a  thin  coating  of  malachite,  but 
the  face  showed  numerous  wliito  i^ad  marks, 


•       Fig.    IV. 

those  not  having  been  coated,  though  the 
coating  must  have  been  formed  since  work 
stopped.  A  few  holes  showed  the  gad  to 
Jiave  been  sharp  pointed  and  square  in 
section.  The  gads  seemed  to  have  been 
used  without  any  great  skill,  a  piece  having 
been  taken  oft"  wherever  it  could  be  found, 
no  groove  cutting  being  done.  Several  stone 
hammers  and  two  pieces  of  bush  timber 
were  found  near  the  face.  The  timbers 
had  probably  been  used  to  enable  the 
workers  to  reach  the  top  of  tlie  face.  The 
wood  had  still  some  strength,  but  the  bark 
was  falling  to  pieces. 

]\Iy  fifth  ))hotograph  is  a  stereoscopic 
pliotograj)])  of  one  of  the  old  timbei's  from 
the  Messina  working,  taken  on  the  surface. 
The  stick  was  5  ft.  10  in.  long  and  of 
Mpani  wood.  Its  interesting  feature  is  that 
while  the  upper  end  was  cut  obliquely  by 
some  very  sharp  implement,  sucli  as  an  axe 
or  adze,  the  lower  end  was  cut  s(]uare  across 
by  a  saw  without  disturbing  the  bark. 

The  Messina  working  evidently  closely 
resembles  the  compaiatively  recent  working 
at    liooiberg    described   by    the    author.      It 
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SL'oms  suthcii'iitly  pruxid  that  Kooiberg  tin 
was  worked  by  natives  witliin  the  past  few 
hundiod  years,  but  whetlier  or  not  there 
was  carUer  workinLj  is  to  me  still  an  open 
((uestion.  The  main  argument  for  the  great 
iintitiuity  of  the  working  now  seems  to  be 
'liat  the  amount  o!'  tin  produced  must  have 
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been  greater  than  could  have  been  disposed 
of  within  modern  times.  An  estimate  of  tin 
produced  must  at  best  be  uncertain.  It  is 
hard  to  estinutte  tonnage  of  ore  from  old 
surface  workings  as  it  is  generally  impos- 
sible to  say  how  much  surface  soil  overlaid 
the  actual  outcrop,  and  how  much  of  the 
excavation  was  due  to  removal  of  actual 
ore,  and  how  much  to  the  running  in  of 
sides  or  to  their  battering  back  for  safety 
or  convenience.  Then  it  is  difficult  to 
estimate  the  grade  of  the  ore  extracted.  It 
is  highh-  probable  that  old  workers  would 
work  lower  grade  ore  and  narrower  veins  in 
an  outcroji  than  they  wi.uld  tackle  under- 
ground. Certainly  it  would  be  easier  to 
crush  and  wash  a  good  deal  of  surface  ore 
than  to  gad  out  a  few  ])0\uids  of  I'ich  ore 
in  some  of  the  workings  described.  The 
natural  tendency  seems  to  be  to  make  too 
high  an  estimate  both  of  tonnage  and  grade. 
Perhaps  the  author  will  give  some  further 
infomiation  as  to  the  bases  of  his  estimates. 
If  it  is  accepted  that  2,000  tons  of  tin  was 
produce<l  near  Rooiberg  the  ditticulty  of 
accounting  for  its  disappearance  within 
comparatively  recent  times  does  not  seem 


so  great  as  the  dilliculty  of  proving  that  it 
I'ould  not  so  disappear. 

A  few  years  ago  it  was  accepte-d  tliat 
tin  and  its  alloys  were  not  known  to  the 
iiantu.  \ow  the  author  draws  attention 
to  the  facts  that  tin  whs  trade<l  by  natives 
2t)()  miles  east  of  Kooiberg  two  centuries 
ago.  and  workeil  us  bronze  to  the  westward 
u  century  ago.  I  find  that  Hall,  in  "Pre- 
historic llhock^sia,"  p.  U'i,  (pioting  fr<jm 
Theal's  "  Itecords  of  S.E.  Africa,"  gives 
two  references  to  pewter,  which  is  an  alloy 
containing  80/  or  more  of  tin.  •  There  is 
also  current  a  coin  made  of  i)ewter,  wlncii 
they  call  calaim  :  it  is  made  in  bars,"  and 
'  pewter  they  use  in  bartrring.  like  s(|uare 
money,  with  a  point  in  the  form  of  a 
diamond."  I  have  tried  to  find  those  (paota- 
tions  in  "  Records  of  S.E.  Africa."  I)ut 
there  seems  to  be  a  mistake  in  Hall's  page 
references,  and  I  have  found  one  only,  in 
Vol.  iii.,  p.  nO;").  which  reads,  "  Pewter 
they  use  in  barti-ring,  like  s<juare  money 
with  a  point  in  the  fonn  of  a  diamond  on 
one  side,  which  is  done  in  the  melting. 
Some  came  in  my  hands  in  Seiui  and  Tete, 
and  I  should  be  glad  if  I  could  remember 
the  name  given  to  it  by  the  Kafirs." 
That  would  indicate  that  tin  was  known  far 
to  the  north-east  of  RfX)iberg.  "  It  seems 
not  improbable  that  it  will  be  found  that 
till  recently  tin  and  its  alloys  were  wide- 
spread among  the  natives  of  South  Eastern 
Africa.  Export  through  the  Portuguese, 
and  more  particularly  through  Arab  traders, 
may  well  have  been  much  greater  than  we 
are  aware,  and  if  tin  was  used  by  the 
natives  great  quantities  may  have  dis- 
appeared through  biuial  with  its  ownei*s,  or 
through  burial  by  tiiem  during  the  various 
wars  which  ravaged  the  countn,-.  It  can- 
not safely  be  said  that  as  natives  never 
wear  tin  or  tin  alloys  now  they  never  wore 
them.  Certain  tribes  at  certain  periods 
may  well  have  done  so.  Hall  ("Prehistoric 
Rhodesia."  p.  12),  says.  "  The  cidture  of 
the  Bantu  varies  both  in  form  and  degree. 
For  instance,  in  its  fomi,  certain  arts  and 
industries  of  high  grade  are  peculiar  to 
certain  tribes,  and  are  unjiractised  bv 
others."  He  quotes  Dudley  Kidd  ("'Kafir 
Socialism,"  p.  231),  as  saying.  "  Wo  know 
that  since  the  sixteenth  century  .  .  .  the 
native  races  ....  have  lost  much  of  the 
arts  and  crafts  in  which  they  once 
excelled." 

.\s  showing  what  may  have  happened  in 
the  ])ast,  the  followinfj  extract  from  Isaac's 
"  Eastern      Africa."      published      in      1825 


214  The  Journal  of  The  Chemical,  Mttullurtjicid  inut  Miniinj  Socii'ti/  of   Smit/i   Africa.         April  1910 


(quoted  in  Bird's  "Aimals  of  Natal.  Vol.  i., 
p.  18(i).  in  counection  with  a  visit  to  the 
Zulu   royal   kraal,    is   interesting:  — 

'■  Some  years  before  they  had  been 
infoiTned  that  the  natives  had  dug  from  the 
bowels  of  the  earth  a  mineral  which,  when 
melted  in  their  crucibles,  turned  to  a  beau- 
tiful glossy  white,  and  was  worked  by  them 
into  ann  bangles.  Before  this  they  had 
been  accustomed  to  have  them  made  of 
iron,  with  which  the  country  abounds.  The 
chiefs  abandoned  the  black  metal,  and,  as 
badges  of  distinction  between  them  and 
their  dependents,  the  former  wore  the  white 
bangles,  and  the  latter  were  consequently 
obliged   to  wear  the  black  ones. 

■"At  this  period  a  number  of  the  chiefs 
died.  The  '  inyangers,'  '  angug  '  wisemen 
or  soothsayei*s,  were  ordered  to  assemble. 
and  immediately  to  discover  the  cause  of 
their  death.  Several  people  were  suspected 
of  having  administered  poison  to  them,  and 
were  killed  without  discrimination  or  with- 
out proof  of  guilt.  The  prevailing  malady 
by  which  the  chiefs  had  been  can-ied  off 
still  continuing,  and  innumerable  natives 
having  been  destroyed  under  the  impression 
of  being  the  cause  of  their  death,  or  being 
according  to  their  designation,  "  umt '- 
trati."  that  is,  'evil  disposed  persons.' 
they  deckled  that  the  white  metal  worn 
by  the  chiefs  was  the  cavise  of  the  death 
of  that  class  of  persons,  which  put  an  end 
to  further  executions  of  the  innocent.  The 
individuals,  however,  who  had  discovered 
the  metal,  and  those  who  had  fabricated  it 
into  bangles,  were  condemned  and  executed. 
The  bangles  were  also  commanded  to  be 
returned  to  the  earth,  whence  they  had 
been  taken,  and  orders  were  issued  that  in 
future  no  white  metal  should  be  dug  up 
without  subjecting  the  offender  to  capital 
punishment." 

There  is  anotlier  version  of  the  same 
story  which  I  cannot  now  trace,  but  accord- 
ing to  my  memory,  the  men  who  took  the 
l)angles  for  burial  were  ordered  to  fill  in  the 
mines,  and  were  met  en  their  re-turn  jouniey 
by  an  impi  and  killed  so  that  the  where- 
abo'its  of   the  mine   should   be   unknown. 

The  argument  that  the  early  woi-]\ei-s  in  th(^ 
tin  niijH's  must  have  had  greater  intelligence 
and  knowledge  than  the  natives  of  compara- 
tively recent  times  does  not  appear  to  me 
strong.  Natives  who  could  make  the  gads 
found  in  recent  workings  and  smelt  tin, 
bronze  and  pewter  should  have  been  clever 
enough  for  any  of  the  woi-k  done  in  the 
tin    mines.     In    1911,    ^Ir.    Jameson,    who 


was  tlien  manager,  told  nu'  at  Hooiherg 
that  when  the  ancients  ri-achctl  the 
limits  of  a  jiocket  they  did  not  follow  the 
line  of  fissuring  in  search  of  more  tin.  If 
that  is  an  observation  shown  to  be  correct 
by  more  extensive  recent  investigation,  it 
would  indicate  that  the  knowledge  of  the 
workers  was  not  very  great.  Perhaps  the 
author  can  give  some  information  on  the 
point. 


NOTES    ON    ECONOMIES    IX    llAXl 
DKILL  STEEL. 


Bv   H.    A.   Rkai)   (Member). 


(Printed    in    ■hnirtidl ,    Mmcli,    I'Jl'.K ) 


DISCUSSION. 

Mr.  A.  E.  Payne  fMcmbcr):  1  did  intend 
to  study  the  author's  pa])er  a  littli-  nioie 
carefully ;  l)ut  a  vei-y  e;i>ual  i^lance  at  it 
demonstrates  tliat  he  has  touched  on  an  old 
trouble  which  has  afflicted  mine  managers 
for  many  years  here  on  the  Hand  :  that  is, 
how  to  get  away  from  the  ditHculties  of  the 
mushrooming  of  the  shank  end  of  the  steel. 
I  am  able  to  corroborate  a  good  deal  about 
his  data  on  the  consumption  of  steel  from 
experiments  which  I  conducted  at  the  New 
Primrose  some  years  ago;  in  fact,  I  used 
to  make  a  rough  estimate  from  the  method 
of  shai-pening  in  vogue  that  it  required 
about  2  tons  of  steel  a  month  to  keep  about 
a  thousand  hammer  boys  at  work.  The 
method  was  the  Kimber  Drill  Sharpening 
mMchine.  On  just  a  glance  at  the  figures 
this  seems  to  be  borne  out  by  his  more  care- 
ful calculations.  I  made  up  my  mind  that 
the  real  solution  was,  of  course,  to  use  a 
better  quality  of  steel.  I  do  not  svippose 
we  shall  ever  do  it  on  the  Hand,  because  the 
method  of  handling  a  better  quality  of  steel 
is  more  expensive,  and  the  cost  of  drill 
sharpening  would  go  up,  and  make  it  rather 
I^rohibitive,  compared  with  the  rather  rough 
and  ready  way  in  which  we  use  steel  on  the 
mines  here.  I  notice  he  has  not  missed 
that  point;  so  I  thought  possibly  the  best 
practical  solution  would  be  to  find  a  medium 
quality  of  steel.  You  may  ])ossibly 
remember  that  just  before  the  outbreak  of 
war  some  of  oui'  GeiTnan  competitors  were 
liawking  round  some  veiy  cheap  steel 
indeed;  I  think  it  got  down  to  as  low  as 
■•ill.  a  lb.,  |)ossibly  even  lower;  it  may  be 
wiriiiii  llie  e.\])eiie)U'e  of  some  members: 
lint  1  ]<n(jw  I  diseai'ded  sucli  steel  more  tliaii 
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((•11  years  ago,  aiul  stitck-  to  ilic  liclter  cIuks 
sti'cl  of  over  Id.  ;i  II'.,  .iinl  I  am  (piiU'  satis- 
lied  Wf  can  ^('t  o\cr  llu'  iiiiislir(M)iiuiig 
ditlirulty    hv    usiii^    a    Ix'ltcr    (luality    slcci. 

1  also  went  to  soiul-  troiihlt'  over  a  t-oii- 
siderable  ))erio(l  to  gid  the  smith  to  iiniieal 
the  sliank  iMul  of  the  stcid  ;  hut  I  loiiiid 
that  very  dangerous,  piohahly  hi-causi'  no 
great  amount  of  eare  was  given  to  ensure 
the  right  temper  being  given,  and  tlic  result 
was  that  splinters  would  he  flying  up  in 
many  <lireetions  and  many  luitives  wt-rc 
seriously  injured  :  and  1  had  to  give  it  up. 
So  I  am  looking  foiwai'd  with  some  degree 
of  pleasure  to  having  the  author's  new 
invention  tried  on  the  mine.  I  hopi'  it  will 
prove  satisf;u*tory,  and  so  overeome  one  of 
our  great    tlithculties. 

The   meetiuii    then    terminated. 


Correspondence  and  Contributions. 


MINE    DUST. 

Nearly  everj^one  will  agree  with  the 
remarks  of  the  President  regarding  Mr. 
Innes'  supplementary  paper  on  the  "Esti- 
mation of  Injurious  ]3ust  in  Mine  Air," 
that  his  reply  to  his  first  paper  really  con- 
stitutes a  second  stage  of  the  subject,  and 
nuu'h  good  will  be  done  by  allowing  discus- 
sion on  this  second  stage,  so  that  when  the 
third  stage  is  reached  still  more  light  will 
lie  thrown  on  this  most  important  subject, 
and  everyone  connected  with  mining  on  the 
Hand  will  be  better  able  to  anive  at  the 
solution  of  the  dust  problem,  which  is  really 
the  end  being  aimed  at. 

The  writer  passes  over  the  controversy 
regarding  the  relative  merits  of  the  koni- 
meter  and  gravimetric  methods  of  sampling, 
l)ut  would  endeavour  to  draw  some  infer- 
ences from  the  published  tests  with  the 
object  of  arriving  at  some  definite  methods 
to  be  adopted  to  reduce  if  not  to  eliminate 
altogether  the   dust   evil. 

In  discussing  the  first  paper  by  Mr.  Innes 
the  writer  brought  forward  the  important 
<luestion  of  ventilation,  and  he  is  very 
pleased  to  hear  that  although  Mr.  Innes 
says:---'  The  fact  that  a  well-ventilated 
place  is  better  than  a  badly-ventilated  place 
is  obvious  for  reasons  given  by  ]\Ir.  Wood- 
burn"  ;    vet  a  four  davs'  test  was  tried  with 


the  object  of  detcmiiiiing  this  opinion,  aud 
the  result  of  this  h)ur  duys'  test  ougiit  U> 
silence  lor  all  lime  the  erroneoUK  opinion 
that  increased  \eutilatioii  by  stirring  up  the 
dust  in  a  mine  luay  lend  to  a  hurtful 
atmosphere. 

'I'he  further  test  lasting  for  seven  days, 
as  shown  in  the  <liagram  at  j).  110,  is  a  most 
inti'i-esting  and  instructive  one  and  appears 
to  bear  out  the  previous  opinion  expressed 
by  the  writer,  that  if  the  Hiie  dust  was 
treated  as  a  no.xioiis  gas  and  cleared  out  of 
the  mine  by  efficient  ventilation  a  better 
condition  would  soon  be  iipi)arent.  This 
diagram  (dearly  shows  that  at  blasting  time 
the  fine  dust  is  carried  by  the  return  ail  in 
excessive  (|uantities  for  a  short  period,  while 
most  other  times,  in  spite  of  the  nO.OOO 
cub.  ft.  i)assing  to  the  fan,  the  (|uantity  of 
fine  dust  is  remarkably  low.  During  the 
working  hours  of  the  morning,  from  7  a.m. 
to  2  p.m.,  there  is  a  slight  increase  in  the 
quantity  of  dust  compared  with  the  hours 
from  10  at  night  till  7  in  the  morning.  This 
slight  increase  is  no  doubt  due  to  the  traffic 
in  the  stopes  and  roadways  stirring  up  the 
accumulated  dust,  and  it  is  just  here  where 
efficient  and  ])roperly  conductc-d  airwways 
would  be   very  htdnful. 

Instead  of  the  recommendation  recently 
made  that  fans  may  be  stopped  during 
blasting  time  to  ahow  the  men  to  get  out 
of  the  mine,  fans  should  be  increased  in 
.-speed  if  possible,  and  if  airways  were  suit- 
ably laid  out  and  separate  districts  arranged 
tlien  men  should  be  able  to  easily  reach  the 
intake  or  rapidly  get  out  of  the  return  air- 
way, and  there  would  be  less  accumulated 
dust  to  be  stirred  up  during  working  hours. 

To  secure  separate  ventilating  districts 
may  mean  considerable  expense  for  altera- 
tions to  existing  roadways  and  making  by- 
jnisses,  but  the  amount  of  compressed  air 
which  would  be  saved  which  is  at  ji resent 
used,  or  one  might  say,  abused,  for  the 
puipose  of  helping  the  ventilation,  would  go 
a  long  way  to  compensate  f<}r  this  initial 
expense,  and  the  healthier  condition  of  the 
mine,  as  a  whole,  would  lead  to  increased 
efficiency  all  round,  so  that  the  formula 
originally  brought  forward  by  Dr.  Macaulay 
and  Dr.  Irvine  does  not  appear  to  be  con- 
demned as  obsolete,  but  the  mine  organiza- 
tion is  rather  to  be  condemned  for  not 
applying  the  fonnula  in  a  better  and  more 
efficient  manner. 

J.   All\n  Woodbuux, 
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Book  Review, 


Hyduailic  and  I'lxci;!;  Mimnc;.  Bv 
Eugene  B.  Wilson.  Third  Edition, 
thoroughly  revised.  New  York:  John 
Wilev  ^^-  Sons,  Inc.  ;  London  :  Chajininn 
A  Hall.  Limited.  1018.  With  06  illustra- 
tions, 42.")  jiapes.  4j  in.  x  7|  in.  Price 
13/6  nett. 

This  new  edition  of  a  well  known  w(nk 
contains  much  fresh  and  valuable  material, 
mostly  dealing  with  modern  development 
in  the  working  of  surface  deposits  steam- 
shovels,  L-ableways  with  self-filling  buckets, 
dredges  and  traction  dredges,  but  special 
mention  must  be  made  of  a  o7  page  article 
on  "  Grapliical  Methods  in  Hvdraulics," 
contributed  by  Prof.  L.  C.  Hill.  The  article 
discusses  the  application  of  such  metliod.- 
of  calculation  to  the  flow  of  water  in  ditches 
and  in  pipes,  and  contains  fourteen  sets  of 
curves  which  should  be  found  valuable  by 
many  persons  who  do  not  consider  their 
work  to  be  either  hydraulic  or  placer  mining. 
Indeed  the  book  has  a  wider  field  of  \iseful- 
ness  than  the  title  indicates.  At  first  sight 
it  appears  of  very  limited  use  in  South 
Africa,  where  the  only  important  work 
which  the  term  hydraulic  mining  suggests 
is  that  on  the  Swaziland  tin  field,  but  that 
view  changes  when  one  remembers  tliat 
hydraulic  methods  are  apphed  to  stripping 
overburden  from  tin  deposits  in  the  Trans- 
vaal, to  removing  or  retreating  sand  and 
slime  and  to  sand-filling  on  the  gold  miiies, 
and  that  "'  placers  "  yielded  ^064,574  worth 
of  diamonds  in  the  Union  of  South  .\fiica 
dju-inc   1018. 

It  is  mteresting  to  note  that  the  author, 
referring  to  reworking  of  "  culm  piles  "  or 
colliery  waste  dumps,  says,  "  hj'draulic 
mining  is  now  carried  on  to  a  larger  extent 
for  mining  coal  in  North-Eastem  Pennsyl- 
vania than  for  mining  all  the  other  minerals 
in  the  United  States."  Though  he  makes 
that  statement  he  gives  a  few  lines  only  to 
the  metliods  of  working  those  dumps.  He 
ignores  all  South  African  work.  It  is  to  be 
regretted  that  in  preparing  the  present 
edition  the  author  did  not  include  still  more 
new  material  of  general  interest,  even  if 
that  involved  sacrifice  of  moie  old  mateiial 
of  local  interest. 

Though  there  is  a  good  index,  lack  of 
system  in  anangement  of  chapters  and  their 
contents  is  a  serious  defect.  Questions  of 
design,  construction,  maintenance,  opera- 
tion and  cost  are  intermingled.     "  Survey 


of  Progress  "  comes  undci'  tlie  sul)-hea(l. 
Hydraulic  Elevators.  "  "  Diitt  .Mining  " 
is  the  ni'xt  ^ub-hcad  after  "lielorting  llic 
Mercury,"  and  the  method  of  cleaning  thi' 
bed  rock  is  iouiid  under  ""  (leology  of  IMacer 
Deposits. " 

The  size,  binding,  jiajier  and  type  are  all 
that  can  be  desired  in  a  technical  book,  but 
a  few  of  the  illustrations  might  with  advant- 
age have  been  replaced  by  clearer  and  more 
instructive  prints. 

C.  .1.  (i. 

Notices  and  Abstracts  of  Articles  and 
Papers. 

CHEMISTRY. 

Iodide  roppEU  Ass.w. — "  In  determining  copper 
by  the  iodide  method,  the  interference  of  ferric 
salts  may  be  prevented  l)y  the  addition  of  sodium 
fluoride.  A  stable  compound  of  ferric  fluoride  is 
thus  formed,  so  that  no  reaction  of  the  ferric  salts 
with  the   potassium  iodide   is  possible. 

After  having  made  several  hundred  determina- 
tions for  copper  with  the  following  modification 
of  the  well-known  '  iodide  method,'  the  consistent 
results  obtained  as  against  the  electrolytic  and  the 
permanganate  methods,  and  the  fact  that  I  have 
not  seen  the  method  described  in  any  of  the 
American  journals,  lead  me  to  take  the  liberty  of 
bringing    it    to    the    notice    of    other    chemists. 

The  method  depends  on  the  action  of  sodium 
fluoride  on  acid  solutions  of  ferric  salts,  with  the 
iron  of  which  it  forms  a  stable  compound  of  ferric 
fluoride,  Fe^F^,  preventing  any  subsequent  reaction 
between  these  salts  and  potassium  iodide.  The 
affinity  of  fluorine  for  iron  is  so  strong  that  if  a 
solution  of  sodium  fluoride  be  added  to  one  con- 
taining ferrous  and  cupric  salts  the  latter  will  be 
immediately  reduced  to  the  cuprous  state,  or  if 
in  acetate  solution,  cuprous  oxide  will  be  precipi- 
tated. The  idea  of  employing  sodium  fluoride  to 
prevent  the  reaction  between  ferric  salts  ^  and 
potassium  iodide  occurred  to  the  late  R.  Wight- 
wick  Roberts  in  1898,  and  the  process  described 
was  evolved  by  Arthur  Fraser,  a  chemist  in 
England. 

The  following  reagents  are  recjuired  :  A 
standard  solution  of  sodium  thiosulphate  of  such 
strength,  for  convenience,  that  1  cc.  will  equal 
10  mgm.  of  copper ;  a  solution  of  sodium  acetate 
(about  one  of  salt  to  five  of  water)  and  just  acid 
with  acetic  acid  ;  a  solution  of  sodium  fluoride, 
about  45  gm.  to  a  litre  of  water.  The  method  is 
as   follows  : 

Weigh  1  gm.  of  ore  and  transfer  to  a  No.  3 
beaker"  digest  with  7  cc.  of  nitric  acid  until  action 
becomes  quiet,  add  5  cc.  of  hydrochloric  acid  and 
a  slight  excess  of  sulphuric  acid,  in  order  to  con- 
vert all  the  bases  to  sulphates.  Evaporate  on  the 
hot-plate  until  most  of  the  free  sulphuric  acid  is 
removed.  Cool,  add  about  25  cc.  water  and  boil 
until  the  sulphates  are  in  solution.  Cool,  add 
enough  sodium  acetate  solution  to  neutralize  the 
excess  of  sulphuric  acid,  when  the  solution  will 
become  red,  due  to  the  formation  of  iron  acetate. 
Then  add  enough  sodium  fluoride  (a  slight  excess 
does  no  harm  and  is  better  than  not  enough)  to 
discharge   the   red   colour,     The   iron   will   then   be 
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combined  with  the  fluorine  to  form  Fo,l'\,,  which 
will  prevent  any  subsequent  reaction  Ijctwccn  ferric 
salts   and    potassium   iodide. 

Keep  the  volume  of  the  solution  to  about  100  cc, 
add  al)out  8  f;m.  of  potassium  iodide  and  titrate 
the  liberated  iodine  in  the  usual  manner  with  a 
.standard  solution  of  thio.sulphate.  usin^  starch  as 
an  indicator.  Observe  all  the  necessary  precautions 
used  in  the  regular  iodide  method,  particularly  to 
keep  the  volume  to  about  100  cc.,  especially  in 
low-j^rade  ores,  and  titrate  to  get  the  end  reaction 
and    not   simply    to   discharge   the    blue   colour. 

In  ores  with  a  dark  gangue  or  those  lieavily 
'\idized,  the  end  reaction  may  be  slightly  obscure. 
.V  little  e.Kperience,  Jiowever,  will  soon  teacii  the 
operator  to  distinguish  between  this  and  the 
regular  end-point  ;  or  the  difKculty  may  be 
removed  by  filtering  off  the  gangue.  In  case  of 
over-titration  the  end-point  may  be  reached  by 
titrating  back  to  blue  colour  witli  potassium 
permanganate,  observing  the  amount,  and  again 
titrating  with  thiosulphate,  having  determined  the 
value  of  the  permanganate  in  terms  of  the  thiosul- 
phate solution. 

In  ores  containing  lead  or  bismuth,  starch  should 
be  added  occasionally  during  titration,  as  the 
yellow  colour  due  to  the  former  and  the  brownish 
colour  due  to  the  latter  may  be  erroneously  attri- 
buted to  free  iodine ;  otherwise  bismuth  seems  to 
have   no  effect  on  the   results. 

With  low-grade  ores  of  1%  or  2%  copper,  th3 
reaction  with  potassium  iodide  is  often  slow, 
especially  when  the  presence  of  a  large  quantity  of 
iron  has  led  to  the  addition  of  an  excess  of  sodium 
acetate,  and  the  blue  starch-iodide  colour  keeps 
returning  in  a  disconcerting  manner.  Thiosulphate 
must  be  added,  however,  until  the  blue  colour 
remains    permanently    discharged. 

With  sulphide  ores  containing  much  antimony  or 
arsenic,  a  slight  variation  in  the  process  is  neces- 
sary, as  the  antimonic  and  arsenic  acids  are  likely 
to  be  partly  reduced  during  drying  by  unoxialzed 
sulphur  and,  by  reacting  subsequently  with  the 
liberated  iodine,  may  cause  an  apparent  shortage 
in  the  copper  contents.  It  is  well,  therefore,  with 
such  ores,  after  evaporating  to  drvness  and  driving 
off  the  residual  sulphur,  to  evaporate  a  .second 
time  with  the  three  acids.  Then,  after  dissolving 
in  water  and  before  adding  sodium  acetate,  a  solu- 
tion of  potassium  permanganate  of  a  known  value 
in  terms  of  thiosulphate  is  added,  drop  by  drop, 
until  the  last  drop  permanently  changes  the  green 

dour  to  a  greyish  violet.  If  the  oxidation  by  the 
ritric  acid  has  already  been  complete,  one  drop 
(f  permanganate  will  "be  sufficient.  Then  proceed 
as  before,  "deducting  002%  from  the  thiosulphate 
reading;  or  just  destroy  the  violet  and  bring 
back  the  green  colour  with  a  delicate  solution  of 
ferrous  sulphate,   and   make   no   deduction. 

In  making  up  the  solution  of  sodium  acetate  and 
that  of  sodium  fluoride,  I  have  found  it  best  to 
make  them  concentrated  almost  to  point  of  satura- 
tion. In  evaporating  in  such  large  beakers,  the 
usual  precaution  is  necessary  of  finishing  up  on  a 
low  heat,  until  the  '  spitting  period  '  is  over,  when 
evaporation  may  be  made  to  dense  white  fumes 
without   further   trouble. 

This  method  combines  speed  with  accuracy  by 
eliminating  the  great  amount  of  manipulation 
necessary  in  other  methods,  as  the  ore  is  weighed 
into  a  Vleaker  and  remains  there  until  contents  are 
washed  down  the  sink.  It  also  furnishes  the 
operator  with  an  excellent  method  for  controls. 
On    account   of   the    prohibitive    price   of   platinum, 


the  method  is  convenient  for  the  small  laboratory. 
It  will  save  both  time  and  labour  for  tlie  large 
laboratory  by  yielding  results  that  will  check  with 
the  electrolytn-  method,  with  proper  care  and 
skill."-  .\.  L.  Wvv.M..-  Hmjiriii  ring  and  Mining 
Jnurmil,  .June   2!»,    I'il8,   p.    1170.      (H.    \.    W.) 

I'UKl'AUAnON       QV       A'/ 100       PKK.MA.N(;ANATt       SoLL- 

TioNs.  —  "The  preparation  of  weak  standard 
solutions  of  potassium  permanganate  by  diluting 
stronger  soluiion.s  is  inaccurate,  owing  t.o  the 
presence  of  organic  matter  in  the  distilled  water. 
By  means  of  the  f(jllowing  nu  thod  .V/lOO  potas 
siam  permanganate  solutions  which  will  retain 
tJieir  strength  indefinitely  may  be  prepared.  A 
solution  of  04  gm.  of  pur<i  potassium  perman- 
ganate crystals  in  a  litio  of  redistilled  water  is 
digested  for  'M\  hours  near  it.^  boiling  point  in  a 
flask  which  has  ijccn  rinsed  with  'he  same  water. 
-Vfter  cooling,  and  standing  over  night,  the  super- 
natant liquid  is  filtered  with  the  aid  of  suction 
through  a  Buchner  funnel  lined  with  ignited 
asbestos,  and  kept  in  the  dark  in  a  bottle,  free 
from  organic  matter.  After  standing  two  to  three 
days,  the  .solution  is  standardised  by  j.ddi-ig  10  .'. 
of  10"n  sulphuric  acid,  rendered  faintly  pink  with 
peimanganate.  to  10  cc.  of  A'/50  oxalic  acid  .solu- 
tion, placing  the  vessel  in  a  water  bath  at  05*^  C 
for  a  few  minutes,  and  titrating  it  with  the 
permanganate  solution.  A  correction  is  obtained 
by  titrating  10  cc.  of  the  suly)huric  acid  diluted 
with  the  same  volume  of  water." — J.  O. 
Halverson  and  0.  Heucetm,  /.  Ind.  Kmj.  C/ifm., 
1918,  ll>,  \\9-U0.—Journ,d  of  thr  Sorlity  nf 
Chcmirnl  Industn/,  April  l-'j,  1918.  p.  "193a. 
(J.    A.    W.) 


Platinum  Substitute.  —  "An  alloy  containing 
about  11%  Pt  and  89%,  Au  is  being  made  under 
the  trade  name  '  Platino.'  Experiments  show  the 
alloy  to  be  very  resistant :  it  is,  however,  attacked 
by  sulphuric  acid  containing  nitric  acid,  but  is 
more  resistant  to  caustic  potash  than  platinum. 
On  heating  in  a  smoky  flame,  it  does  not  become 
brittle,  as  is  the  case  with  platinum.  Its  resistance 
to  fused  potassium  nitrate  obviates  the  necessity 
of  using  porcelain  vessels  for  fusions.  The  cost 
is  about  one-third  that  of  pure  platinum." — I.  L. 
B.  van  DER  Marck,  Pharni.  Weikhliid,  1918,  ■'>'•. 
149-1.51. — JoiirnnI  nf  the  Society  of  Chemic<d 
Industry,    May    1.5.    1918,   p.    244a.      (J.    A.    W^) 

.Manufacture  of  Alk.\li  Cyanide. — "  Calcium 
cyanamide  containing  19%  of  nitrogen,  when  fused 
with  sodium  chloride  and  charcoal  in  a  small  iron 
crucible,  gives  70%  of  the  theoretical  yield  of 
cyanide.  The  following  conditions  were  found  to 
be  most  suitable  :— A  charge  consisting  of  100 
parts  of  calcium  cyanamide,  100  of  sodium 
chloride,  50  of  charcoal,  and  30  of  calcium  carbide 
is  heated  uniformly,  without  contact  with  air,  at 
940°-9u0°  C.  for  b  minutes,  the  maximum  tempera- 
ture being  attained  gradually  and  the  charge 
cooled  quickly.  The  product  contains  about  20'-,, 
of  sodium  cyanide,  which  is  extracted  with  water 
or  with  oO",,  alcohol.  When  water  was  used  as  the 
solvent  the  yield  of  cyanide  was  40%  of  the 
tlieoretical  and  when  alcohol  was  employed  the 
vield  was  70%." — S.  Irano.  Koffi/o-Ktiag<il:u- 
'Zo.^.^hi  (J.  C/itm.  Ind.,  Tokyo),  1917,  30,  1309-1340- 
-Journal  of  the  Society  of  Chemical  Industry, 
June   15,   1918,   p.   299a.     (J.    A.   W.) 
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METALLURGY. 

Amalgamation  before  Cyaniding. — "  One  of  the 
chief  advantages  accruing  from  the  practice  of 
milling  in  cyanide  solution  is  the  intimate  contact 
resulting  between  coarse  metal  and  solvent,  caused 
by  the  action  and  operation  of  the  grinding  machin- 
ery. This  advantage  slirinks  in  importance  in  the 
case  of  amalgamable  ore  when  consideration  is  paid 
to  the  fact  that  milling  in  cyanide  precludes  the 
possibility  of  the  practice  of  amalgamation,  or 
renders  its  function  only  partly  effective.  If  any 
quantity  of  the  metal  in  an  ore  can  be  obtained  by 
a  simple  and  direct  method,  an  explanation  is 
needed  for  the  substitution  of  a  complicated  solu- 
tion alternative  which  actually  recovers  only  a 
proportion. 

In  the  case  of  gold  ores,  and  in  spite  of  clear 
enunciations  of  the  actual  facts  disclosed  by  milling 
results,  a  gocd  deal  of  misapprehension  exists;  and 
the  question  has  been  complicated  and  the  issue 
beclouded  by  reference  to  the  efficiency  of  amalga- 
mation with  unamalgamable  gold  ores.  Such  con- 
sideration.=s  do  not  affect  the  questi(ni.  If  a  propor- 
tion of  the  gold  in  an  ore  is  amalgamable.  then 
practically  100%  o^  this  proportion  is  recoverable. 
If  cyanidation  replar^es  amalgamation  as  a  treat- 
ment procefs  for  this  proportion,  then  only  from 
90%  to  95%  is  usually  recovered. 

The  arguments  advanced  in  favour  of  part 
amalgamation  have,  as  far  as  I  am  aware,  been 
used  only  as  referring  to  amalgamable  gold  ;  and  it 
is  therefore  untenable  to  claim  that  this  gold  may 
not  amalgamate.  In  special  but  exceptional  cases 
the  recovery  of  gold  by  cyanidation  may  reach  97%. 
but  in  no  single  instance  has  a  recovery  of  100% 
been  recorded  with  any  professional  claim  to 
verisimilitude.  These  facts  may  be  substantiated 
by  milling  barren  material  similar  in  physical  char- 
acteristics to  the  (Te  usuallv  found  in  gold-treat- 
ment plants,  and  mixing  with  this  a  [)roportion  of 
coarse  gold  recovered  by  the  amalgamation  process. 
No  matter  how  fine  the  ultimate  division  of  the 
mixture,  there  will  remain  a  small  percentage  of 
the  original  amount  of  gold,  associated  with  the 
gangue,  after  complete  milling  in  cyanide  and  filti'a- 
tion  treatment  on  a  working  .scale. 

A  second  method  of  beclouding  the  issue  is  to 
draw  attention  to  the  t<jtal  amount  of  gold  dis- 
solved or  extracted  by  cyanide  and  to  ignore  the 
question  of  recovery.  Finely  divided  gold  may  be 
completely  dissolved  in  a  cyanide  solution,  and  thus 
completely  extracted  from  the  ore ;  but  when  asso- 
ciated with  gangue  as  an  average  grade  material. 
.ench  extracted  gold  cannot  be  completely  recovered 
by  any  combination  of  knriwn  metallurgical  pro- 
cesses operating  on  a  working  scale.  All  or  nearly 
all  the  gold  may  be  dissolved  and  a  high  percentage 
may  be  recovered  as  bullion.  The  loss  of  the  bal- 
ance influences  the  contention  in  favour  of  efficient 
amalgamation  of  gold  ores." — A.  W.  Allen,  Met. 
and  Chern.  Enr/. — Engineerinq  and  Mining  Journal, 
September  21,   1918,  p.   531.  '  (H.    A.   W.j 

MISCELLANEOUS 
Health  of  SiLirA  Workers. — "A  measure  affect- 
ing the  refractoiies  industries  comes  into  operation 
in  England  on  .January  1,  being  a  scheme  of  com- 
pensation by  the  Secretary  of  State,  in  pursuance 
of  the  \V(jrkmen's  f'impensation  (Silicosis)  Act, 
1918.  The  measures  adopted  are  calculated  to 
attain  the  object  of  ameliorating  and  protecting 
ganister  miners  and  silica  workers  from  the  adver.se 
results  of  unhealthy  occupations.     Medical  evidence 


leaves  little  doubt  as  to  the  effect  of  inhaling  silica 
dust,  and  it  was  claimed  that  a  mortality  of  37"5 
per  1,000  prevailed  amongst  silica  workers,  whilst 
that  of  the  general  inhabitant.^  was  17  per  1.000. 

Rules  have  been  promulgated  wliich  largely 
remove  danger  io  health,  and  tlie  sciienie  ))rovides 
that  the  refractories  industries  shall  compensate  its 
employees.  Provisions  are  made  that  the  afflicted 
shall  be  compensated  similarly  to  workers  injured 
by  accidents.  An  appointed  medical  officer,  in  pur- 
suance of  the  scheme,  may  certify  death  or  disable- 
ment due  to  silicosis,  and  the  worker  or  his  depen- 
dents become  entitled  to  compensation.  The  amount 
in  case  of  death  or  total  disablement  is  to  be  in 
accordance  with  the  provisions  of  the  First  Schedule 
of  the  Workmen's  Compensation  Act,  1906,  but 
there  is  another  and  important  piovision  by  which 
the  medical  officer  may  certify  for  a  man's  suspen- 
sion from  work,  and  compeii-sation  paid  him. 
Where  the  appointed  medical  officer  certifies  that 
the  general  physical  capacity  of  the  workman  for 
employment  is  not  impaired  by  reason  of  the 
disease  then,  if  the  woi'kman  is  unable  immediately 
to  obtain  other  suitable  employment  at  a  not  less 
rate  of  remuneration,  he  shall  be  entitled  for  a 
period  of  two  weeks  from  the  suspension  to  a  weekly 
payment  equal  to  the  full  amount  of  his  wages,  and 
thereafter  if  he  is  .still  unable  to  obtain  such  employ- 
ment, the  .Joint  ( 'ommittee  shall  have  power  to 
direct  payment  to  him  for  further  period  or  periods 
of  unemployment,  not  exceeding  eleven  weeks  in 
all.  50  per  cent,  of  his  average  wages,  in  accordance 
with  the  provisions  of  the  Workmen's  Compensation 
Act,  1906.  Again,  where  the  medical  officer  certi- 
fies that  the  general  physical  capacity  of  the  work- 
man is  impaired  by  reason  of  Mip  disease,  the 
workman  shall  be  entitled  for  a  period  of  two  weeks 
from  the  date  of  suspension  to  a  weekly  payment 
equal  to  the  full  amount  of  his  wages,  and  there- 
after to  such  weekly  payment,  while  impairment 
continues,  as  the  Joint  Cfjiiimittee  may  fix.  having 
I'egard  to  the  degree  of  impairment  reported  by  the 
medical  officer,  and  to  the  other  circumstances  of 
the  case,  in  accordance  with  the  provisions  of  the 
Workmen's  Compensation  Act  for  fixing  comjiensa- 
tion  in  cases  of  partial   incapacity. 

Tlie  scheme  provides  for  the  formation  of  a 
fund  by  subscriptions  by  all  refractories  industries 
employers  to  a  mutual  trade  insurance  company, 
registered  as  Tlie  Refractories  Compensation  Fund. 
Limited.  Every  employer  in  the  industry  is  to 
subscribe  in  the  form  of  annual  sub.scription  or 
otherwise,  and  give  any  guarantees  such  as  the 
Company  may,  with  the  approval  of  the  Secretary 
of  State,  determine;  and  any  sum  due  by  an 
employer  to  the  Fund  may  be  recovered  summarily 
as  a  credit  debt. 

Medical  officers  are  to  be  appointed  by  the  Secre- 
tary of  State  for  the  purpose  of  making  examina- 
tion and  giving  certificates  on  such  terms  of 
remuneration  as  the  Secretary  of  State  may  approve. 
Tlie  worker  may  look  upon  the  periodical  examina- 
tion as  an  interference  with  his  '■'^'^rty.  and  this 
may  cause  resentment. 

In  its  inception  this  .scheme,  like  all  others,  will 
no  doubt,  meet  difficulties.  Neglect  of  enforcing 
rules  to  subdue  or  remove  dust  will  automatically 
cause  employers  to  increase  their  monetary  sub- 
.scription to  the  fund,  and  this  will  tend  to  prevent 
neglect.  .Medical  examination  will  bring  home  to 
the  workman  the  necessity  of  avoiding  inhaling 
dust." — Thp  Iron  and  Coal  Trader  Ihvicw,  Dec. 
20,    1918,   p.   nOG.      (J.    A.    W.) 
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Hki'oiuon  Tin:  Tkauk  ok  South  Afiuca  foi: 
l!il7.— ••  Tliu  yiur  1917  was  a  notable  ono  lioni  the 
puint  of  view  of  iiulustrial  development,  wliieli 
for  the  finst  time  wa>  i)laeed  on  a  national  l.asi.s. 
A  len.su.s  of  industrial  production  wa.s  in.stituted  ; 
a  Federation  of  liuhi.slries  was  formed  and 
alliliated  to  tile  British  Empire  I'roducL-rs'  Orgaiii- 
satiun  ;  the  Industrial  Development  Company  was 
floated  in  order  to  provide  finaneial  assistance  for 
new  industrial  enterprises ;  the  Industries  Section 
of  the  Department  of  Mines  and  Industries  with 
its  advisory  councils  wa^  thoroughly  organised; 
77..  South  African  Joiirmil  uf  Indu^tricd  was 
pulthshed  for  the  first  time :  and  new  companies 
were  floated  to  establish  vital  primary  industries, 
notably   tlie   production  of   iron. 

Chemical  industries  are  well  represented  in  the 
list  of  new  enterprises,  for  these  include  the 
manufacture  of  carborundum,  calcium  carbide, 
alcohol  motor  fuel  (in  addition  to  methylated  spirit 
and  industrial  alcohol  from  sugar  cane  refuse), 
asbestos  goods,  paint  and  distemper  from  local 
mateiials,  maize  starch,  stearin,  sulphate  of 
ammonia,  shoe  and  floor  polishes,  wattle  bark,  etc.  ; 
the  refining  of  arsenic  and  antimony,  tin  smelting 
and  recovery  from  scrap,  and  lead  corroding  for 
white  and  red  lead.  It  is  also  ])roposed  to  manu- 
facture acetone,  paper,  tartaric  acid,  and  condensed 
milk,  and  the  production  of  oxygen  is  being 
extended.  In  addition,  salt  is  being  refined  from 
local  saltpans,  and  carbonate  of  soda  deposits, 
chrome  ore,  magnesite,  mica,  and  pyrites  are  all 
being  worked  energetically.  The  most  important 
of  the  industries  is  undoubtedly  the  iron  industry, 
but  in  the  connection  the  shortage  of  good  coking 
coal  is  noted.  Mining  has  been  comparatively 
normal. 

With  respect  to  fertilisers,  agriculture  lias  been 
heavily  handicapped  by  the  scarcity  of  phosphate  ; 
basic  slag  has  been  practically  unprocurable  and 
the  importation  of  superphosphate  from  Japan  was 
( ut  off  during  the  year.  The  absence  of  Indian 
bone-meal  has  been  balanced  by  an  increased  supply 
of  local  abattoir  refuse.  Sulphate  of  ammonia, 
now  being  manufactured  in  Xatal,  has  been 
shipped  to  the  sugar  growers  in  Mauritius  as  it 
apparently  does  not  suit  African  soils.  The 
question  of  a  home  production  of  phosphatic 
manures  is  receiving  serious  attention  :  in  the 
event  of  recent  discoveries  of  rock  phosphate  prov- 
ing adequately  rich  an  expansion  of  the  sulphuric 
acid   industry   is  bound   to  follow. 

The  following  table  shows  the  distribution  of  the 
import  trade  in  the  years  1913,   1916,  and  1917  : — 
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1917.  Amongst  other  goods  in 
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first  time  may  be  mentioned  :^Acidh.  caustic 
.lisintectants  and  dip.s,  drugM,  dves  and  tannii, - 
preparation.-,  superpho,s,,l,aic-«,  malt,  glucoije.  hugar. 
cream  of  tartar,  .star.  1,  and  other  uihnan'H  MorcK. 
printing  ink,  waterpaints  and  dihtemperw.  per 
fumery,  soaps  and   unmanufactured   zinc. 

The  growth  in  the  lr:wie  of  India  anri  .lapan  is 
also  to  be  noted.  ,\s  progie.ss  i.s  made  in  i.-linin- 
oils,  India  will  probably  nionopolis.-  tli«-  .snpplv  of 
linseed,  castor,  lape.seed  and  po.ssibly  .-..tloimeed 
oil.  Coir  fibre,  petroleum  and  Indian' pig  iron  are 
also  being  imported.  .Japan  shows  inciease.s  in 
leather  manufactures.  super[»hosfihates.  perfumery, 
and  sulphur.  The  Dut.h  Ea.st  Indies  and  the 
British  West  Indies  are  res[)onsible  for  the  large 
iiicrea.se  in  the  imports  of  mineral  oil  :  and  China 
has  a  large  share  of  the  trade  in  cotttmseed  oil. 

The  e.xports  during  1917  included  :  -Copper  (ore 
and  regulus).  £976.4-J2  :  other  minerals.  £|()-J.178; 
wool  _  and  hair,  £!),06'2,91(j :  hides  and  skins, 
£2,637,73.5;  maize  and  other  cereals.  £'2.229,309; 
blasting  compounds.  £525,666 ;  wattle  bark  and 
extract.   £273,5(12  :    and   asbestos,    £)S7,000. 

A  census  of  industries  was  taken  for  the  first 
time  during  1917.  The  published  data  are  some- 
what meagre  but  the  following  list  shows  the 
production  of  .some  industries  of  chemical  interest. 
The  figures  in  parenthe.ses  give  the  value  of  imports 
of  goods  covered  by  the  industry  in  question  in 
1916  :— Explosives  and  matches,  £1.884.149  (explo- 
sives £1.599.  matches  £1,855)  :  .soap  and  candles, 
£1,735, .'589  ^£97.012):  leather,  £475.862  (£120.203); 
cement.  £270.129  (£46.743)."— W.  (\.  Wk-kham.— 
Jnunml  of  flu  Soripfi/  of  Plii'inirol  f  iiilti<fri/, 
Oct.    31,    1918,    p.    40lR.'    (.J.    A.    W.) 


Thus  the  Vnited  States  has  attained  the  dominant 
position  among  the  rivals  of  Great  Britain.  Of 
the  manufactured  goods  in  which  American  gains 
are  to  be  noted,  the  most  important  group  is  'Iron 


Briquettixg  Tuhninus  withoct  a  Puess.— "A 
recent  issue  of  the  Echo  di  Mints,  describes  a 
process  of  briquetting  borings,  turnings,  etc.,  with- 
out the  help  of  a  press,  as  practised  in  a  foundry 
at  Cherbourg.  About  220  lb.  of  iron  turnings  from 
the  lathe,  etc.,  are  spread  on  a  platform  anci  mixed 
with  9  lb.  or  10  lb.  of  cement,  moistened  with 
2|  gallons  of  a  weak  solution  of  muriat*  of 
ammonia  (about  |  lb.  of  sal  ammoniac  to  22  gallons 
of  water).  The  mixture  is  well  turned  over  with 
shovels  in  the  same  way  as  concrete  is  mixed,  and 
is  then  filled  into  wooden  moulds  (slightly  tapered 
inside)  about  8  in.  in  diameter  by  about  5  in. 
high,  the  finished  briquettes  weighinc  about  26^  lb. 
each.  The  material  is  first  tamped  into  the  moulds 
with  iron  rods,  and  then  well  pounded  with  cast- 
iron  rammers.  After  the  material  has  set,  the 
moulds  are  removed  and  the  brifiuettes  are  left 
to  dry.  To  make  700  briquettes  a  day,  a  working 
gang  of  one  man  and  three  women  is  required. 
The  briquettes  do  very  well  in  the  cupola,  and 
may  be  used  in  the  proportion  of  15"^,,  to  20",, 
of  the  total  charge.  The  cement  goes  over  into 
the  slag  and  causes  no  trouble.  It  is  used  also 
as  a  binder  in  some  French  foundries  where  there 
are  no  sufficiently  powerful  presses  to  produce 
briquettes  without  .some  bindim:  material."  — 
Pa./p'.-'  En  ;i:if( rinq  Wfikh/.  ( Krhn  rli  Miiief), 
April    12.    1918,    p.    17.3.      (.!.'    E.    T.) 
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Abstracts  of  Patent  Applications 


'24:i.l6.  •).  H.  N'easey.  IniiJiuveineiUs  in  hydiaulic 
feeci  anaugemeiits  for  rook  drills.  23.4.18. 
This  application  relates  to  automatic  feed 
arraiigeineiits  for  rock  drills  of  tlie  kind  in  which 
the  drill  is  constantly  forced  against  a  body  of 
water  confined  in  a  feed  cylinder,  and  is  allowed 
to  move  forward  at  each  full  stroke  of  the  recipro- 
cating member  by  the  release  of  a  portion  of  such 
water.  The  application  is  to  some  extent  an 
improvement  of  tlie  application  covered  by  Patent 
Xo.  152.  of  1917.  in  the  name  of  the  same  applicant. 


519.18.     Edgar  Arthur  Ashcroft.     Improvements  in 
the  manufacturing  of  nitrogen,  and  the  removal 
of    o.xygeu    from    mi.xtui'es   of    gases    containing 
it.   and   the   obtainmeut   of   useful   products   of, 
or   resulting   from,   o.xidation  and    de-o.xidation. 
23.8.18. 
This    apjilication    describes    and    claims    the    use 
of    an    alloy   of   a   metal   of    the    niagiiesiuni-calcium 
type  with  a  metal  of  the  lead-barium  type  for  the 
purpose    of     removing    o.xygen    from    mixtures    of 
gases    containing    it,    particularly    in    the    manufac- 
ture   of    nitrogen    or    compounds    of    nitrogen,    by 
bringing    the    gas    in    contact    with    the    powdered 
alloy,    as    set     forth    in    Patent     Application     No. 
517.18   (in  the  name  of  the  above   applicant).     The 
resultant  lead  hydrate  can  be  used  for  the  prepara- 
tion of  ether  lead  compounds. 

559.18.  E.  Edser  (1),  S.  Tucker  (2),  Minerals 
Separation,  Ltd.  (3).  Improvements  in  or 
relating   to   the   concentration  of   ores.     11.9.18. 

This  application  relate.'  to  improvements  in  the 
froth -flotation    process    of    concentrating    ores. 

The  principle  feature  consists  of  the  addition  of 
a  small  quantity  of  sodium  silicate  and  a  sufficient 
quantity  of  other  sodium  compounds  for  the 
purpose  of  producing  a  suitable  froth  for  separat- 
ing lead  sulphide  from  zinc  sulphide  on  a  mixed 
lead-zinc    ore. 


wound  of  a  plurality  of  independent  conductors, 
and  means  for  electrically  connecting  each  con- 
ductor of  each  primary  coil  to  an  individual  arma- 
ture circuit,  so  that  each  conductor  is  directly  con- 
nected in  a  complete  electric  circuit  with  only  one 
armature    circuit. 

2. — In  the  system  as  claimed  in  claim  1,  indepen- 
dent bus  bars  electrically  connected  to  one  terminal 
of  each  of  the  armature  circuits,  the  conductors  of 
each  primary  coil  being  selectively  connected  to 
the  bus  bars  so  that  the  conductors  of  each  coil 
are  thereby  connected  to  different  bus  bars. 

3. — In  the  system  as  claimed  in  claim  1,  or  2, 
means  including  an  inductance  for  connecting  each 
of    the    primary    circuits    to    gi-ound. 

4. — A  system  for  generating  and  distributing 
alternating  cui'rent  energy  of  high  frequency  sub- 
stantially as  described  in  the  specification  with 
reference    to    the    drawings. 

The  applicants  draw  attention  to  certain  difficul- 
ties which  arise  in  the  construction  and  operation 
of  high  frequency  generato-s  and  transformers 
associated  therewitli,  and  describe  in  detail  a 
variety  of  methods  for  overcoming  these  difficulties. 


646.18.  T.  W.  S.  Hutchins.  Improvements  relat- 
ing to  muffle  furnaces.  23.10.18. 
This  application  relates  to  improvements  in 
muffle  furnaces  used  for  heat  treatment  or  drying 
where  gradual  increase  or  decrease  of  temperature 
is  desirable.  It  comprises  a  circular  type  where 
a  series  of  muffle  chambers  are  grouped  around 
a  gas  producer  with  passages  arranged  so  that  each 
chamber  can  be  heated  in  turn,  and  the  air  sup- 
plied to  the  producer  is  preheated  by  being  drawn  j 
through   those   chambers   that   require   cooling. 

680.18.     General  Electric   Company.     Improvements 
in   and   relating  to   svstems  of   electrical   distri- 
bution.    11.11.18.        ' 
This  application    relates    to    systems   of    electrical 
distribution,    and    more    particularly    to    apparatus   I 
for  generating  and  distributing  alternating  currents 
of    electrical    energy    of    high    frequency,    and    has 
for   its  main   object   the    provision    of   an    improved 
apparatus   for   this    purpo.se.     The    claims    are    four   i 
in   number,  and   read   as  follows  : — 

1. — A     system     for    generating     and     di.stributing 
alternating  current  energy  of  high   frequency   com- 
prising in  combination,  n  high  frequency  alternator  | 
having   a    group  of    indejif-ndent   armature    circuits,    i 
a   transformer   having    a    plurality    of    primary   and 
secondary-   coils,   each   of   said   primary   coils   being 


707.18.  General  Electric  Co.  Improvements  in 
and  relating  to  circuit  interrupters.  25.11.18. 
The  object  aimed  at  in  this  application  is  the 
positive  and  immediate  opening  of  the  circuit.  In 
place  of  the  ordinary  latches,  triggers  and  the 
like,  electric  magnets  are  used  to  keep  the  mov- 
able switch  member  closed,  the  feature  of  the 
application  being  to  eliminate  the  disadvantages 
which  are  ordinarily  met  with  in  switches  con- 
structed with  electric  magnets,  such  as  the  trans- 
former effect  which  is  set  up  when  there  are  heavy 
rushes  of  current  or  short  circuits,  having  the 
effect  of  keeping  the  interrupter  closed  for  an 
appreciable  length  of  time.  In  this  application 
to  avoid  these  disadvantages  a  conductor  is  so 
disposed  that  the  armature  of  the  electric  magnet 
which  holds  the  switch  member  in  the  closed 
position  is  de-magnetized  without  appreciably 
reducing  or  otherwise  affecting  the  flux.  There 
are  other  details,  such  as  improvement  in  wiping 
contacts. 


Chang-es  of  Address 

Bearp.\rk,  A.  F.,  l/o  Durban;  P.O.  Box  1159, 
Capetown. 

Bentley,  a.  M.,  I/O  Broken  Hill;  P.O.  Box  592, 
Bulawavo. 

Brazier,  H.,  I/o  New  Modder ;  Ferreira  Deep, 
Ltd.,   P.O.   Box   1056,   .Tohannesburg. 

CoGLE,  C.  T.,  l/o  Nairobi:  P.O.  Box  34,  Paarl, 
Cape  Province. 

Fry,  a.  T.,  l/o  Melbourne:  P.O.  Box  55,  Queens- 
town,   Tasmania. 

Heathcote,  C.  F.,  l/o  London;  Champion  Reef 
Gold  Mine,  Champion  Reef,  State  of  Mysore, 
S.    India. 

Reed.  Wm..  l/o  B.E.F..  France;  c/o  El  Oro  Mining 
and  Railwav  Co..  El  Oro,  Estado  de  Mexico. 
^Mexico,  D.F. 

Smith,  .1.  H.,  l/o  Rose  Deep  :  c/o  J.  B.  Kilpatrick, 
Esq.,  Annfield  South,  Machan  Avenue,  Lark- 
hall,   Scotland. 

Walton-,  A.  J.,  l/o  Germiston  :  P.O.  Box  102, 
Crown  Mines. 
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Proceeding's 


Opdinapy  General  Meeting-, 
May    17,    1919. 


The  Urdinaiy  General  Meeting  of  the 
Society  was  held  in  the  Soutli  African 
School  of  Mines  and  Teelmology  Building, 
.lohannesburg.  on  Saturday,  the  17th  May, 
1<)19.  Mr.  H  S.  Meyer  (President)  in  the 
cliair.     There  were  also  present : — 

21  ^Members :  Messrs.  J.  Gray,  H.  A. 
White,  J.  Chilton,  C.  J.  Gray,  F.  Warten- 
weiler,  G.  A.  Watermeyer,  F.  \V.  Watson, 
A.  McA.  Johnston,  Profs.  G.  H.  Stanley 
and  J.  A.  Wilkinson,  W.  Beaver,  P.  Cazalet, 
L,  D.  Hingle,  Dr.  L.  G.  Irvine,  H.  E. 
Martin.  T.  G.  Martvn,  C.  A.  Meiklejohn, 
P.  T.  Morrisbv.  J.  j!  P.  Smvthe.  H.  P.  S. 
Wilkes. 

5  Associates  and  Students  :  ^lessrs.  E.  G. 
Bilse,  J.  A.  Boyd,  D.C.M.,  J.  Gibson, 
E.  G.  Harding,  J.  A.  Woodburn. 

5  Visitors,  and  Fred  Eowland,  Secretary. 

MINUTES. 

The  Minutes  of  the  Oi-dinary  General 
Meeting,  held  on  the  26th  April,  1019,  as 
recorded  in  the  April  Journal,  were  con- 
tinned. 

Gexer.\l  Business. 

.\XXUAL     GENEU.\L     meeting. 

The  Secretary:  The  Annual  Meeting  will 
be  held  on  the  fourth  Saturday  in  June,  the 
28th,  and  not  on  the  third  Saturday  as  is 
usual. 

new  associate. 

The  following  gentleman  has  bt-en  admit- 
ted an  Associate  by  tlie  Council :  — 
B.\KER,     Frank     REGiN.\Ln.     New     Modderfontein 
G.M.   Co.,   Ltd..   Bennni.     Shift  Boss. 


IIIGUEU    EDUC.\TION    ON    TIIK    WITNVATERSUAND. 

The  Secretary:  1  have  a  letter  from  the 
Secretary  nt  tht-  Council  of  Education, 
Witwatersrand,  reading : — 

"  I  am  asked  to  direct  your  attention  to 
the  enclosed  letter  by  the  Chairman  of 
Syndic,  and  Resolution  relative  to  the  atti- 
tude of  the  Union  Education  Department 
with  regard  to  the  provision  of  facilities  for 
the  development  of  Higher  I-]ducation  on 
the  ^^'itwatersrand.  I  shall  Ije  glad  if  you 
will  bring  this  matter  before  your  members, 
and  inform  us  of  any  action  you  projiose 
to  take.  The  necessity  for  concerted  action 
is  urgent.'^ 

Mr.  G.  A.  Watermeyer  (Mr  tuber  of 
Council):  Tlie  Council  <.t  Education  of  the 
Witwatersrand  has  api)ealed  to  us  to  take 
a  resolution  supporting  them  in  their 
endeavour  to  obtain  greater  facilities  for 
higher  education  on  the  Witwatersrand.  I 
think  it  behoves  us,  as  a  technical  society, 
to  give  them  all  the  support  that  we  are 
able.  I  have  a  resolution  to  propose ;  but 
shall  first  give  something  of  the  history,  as 
issued  by  the  Council. 

The  Council  complains  veiy  bitterly  of 
the  Government  handicapping  them  on 
every  occason.  First,  at  an  interview  at 
the  School  of  Mines,  held  on  the  7th  Octo- 
ber. 1910.  the  Minister  stated  there  would 
be  no  difficidt}-  about  the  establishment  of  a 
first  two  years  of  a  medical  course  in  Johan- 
nesburg. On  the  17th  December.  1918,  in 
replv  to  a  reauest  from  the  Acting  Principal 
of  the  School  asking  Government  sanction 
for  the  establishment  of  a  second  year's 
course  in  .Johannesburg,  the  ^linister  return- 
ed a  blunt  refusal.  On  the  18th  February. 
1919.  after  various  representations  had  been 
made  to  him,  the  Minister  gave  his  consent 
to  the  same  proposition  in  an  uncondition-^l 
and  categorical  way.  On  the  7th  April. 
1919,  the  Minister  stated  in  the  House  that 
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the  provision  of  medical  education  in  Johan- 
nesburg would  have  to  wait  until  the  School 
of  ^lediciue  at  Capetown  had  been  fully 
equipped.  At  the  interview  between  the 
^Minister,  the  Chairman  of  the  Council,  and 
the  Principal  of  the  School  of  Mines,  held 
on  the  17th  November,  1918,  Mr.  Malan 
pointed  out  that  if  the  Eand  community 
wished  to  have  an  Agricultural  Faculty  at 
its  University  and  was  willing  to  pay  for  it, 
the    Government   could    not   say    anything. 

On  the  14th  February,  1919,  Mr.  Malan, 
in  reph"  to  a  deputation  of  Witwatersrand 
Members  of  Parliament,  insisted  upon  the 
abandonment  of  the  project  of  a  Depart- 
ment of  Agi'iculture  at  Johannesburg.  It 
appears  that  this  change  in  the  Minister's 
attitude  is  to  be  connected  with  representa- 
tions made  on  behalf  of  the  Agricultural 
Faculty  at  Pretoria.  This  is  the  more 
unfortunate  at  a  time  when  Pretoria  is 
appealing  to  Johannesburg  for  support  for 
its  exhibition. 

With  regard  to  the  Minister's  refusal  to 
acknowledge  the  appointment  of  a  Professor 
of  Education  at  the  University  College  in 
Johannesburg,  it  should  be  noticed  that 
either  a  Professor  or  a  Lecturer  in  this  sub- 
ject has  now  been  appointed  in  all  the  other 
Universities  and  Colleges  in  the  Union. 
Quite  apart  from  the  possibility  of  recruiting 
a  large  number  of  higher  grade  teachers  on 
the  Witwatersrand  and  thus  supplying  a 
great  need,  it  is  a  point  which  needs  no 
emphasis  that  the  number  of  acting  teachers 
on  the  Witwatersrand  who  would  reap  gi'eat 
advantage  from  such  an  appointment  would 
be  very  considerable.  As  it  is,  a  large  num- 
ber of  teachers  are  already  seeking  to  take 
advantage  of  such  temporary  arrangements 
as  the  Council  of  the  School  of  ]\Iines  has 
been  able  to  make. 

Now  the  Council  of  Education  appeals  to 
us  saying  that  if  the  voice  of  the  community 
is  not  heard,  little  or  nothing  will  be  done 
by  the  Union  or  the  Provincial  Government 
to  provide  adequate  educational  facilities  for 
the  youth  of  the  Witwatersrand.  It  appears 
that,  since  then,  Government  has  sanctioned 
the  appointment  of  Professors  of  Anatony 
and  Physiology  at  the  School  of  Mines,  and 
that  medical  students  will  be  able  to  take 
their  course  up  to  the  second  year.  That  i.:-, 
after  very  hard  flighting  on  the  part  of  the 
Council  of  Education. 

We  have  obtained  so  much,  but  we  want 
to  go  further  and  have  a  Faculty  of  Agricul- 
ture on  the  Rand.     It  does  not  necessarily 


follow  because  agriculture  is  practised  in  the 
country  that  the  best  place  for  education  is 
not  in  the  centre  of  a  town.  We  have  all 
the  professors  of  the  allied  subjects,  and  the 
student  would  be  able  to  complete  his  course 
here,  more  esi)ecially  with  regard  to  veter- 
inary science.  We  have  all  the  facilities 
for  educating  veterinary  surgeons  in  conjunc- 
tion with  this  new  ]Medical  School,  and  it 
will  enable  an  amount  of  £10,000  to  be  used 
whioli  Sir  Owen  Phillipps  has  given  to  the 
Eand,  unconditionally,  I  understand,  which 
we  have  not  been  able  to  do  up  to  the 
present.  The  Minister  does  not  want  us  to 
be  rivals  to  Pretoria  in  agriculture.  Yet  we 
are  the  larger  community  and  contribute  in 
various  ways  about  60%  of  the  revenue  of 
the  country.  So  the  least  the  Government 
can  do  for  us  is  to  allow  us  to  have  an 
agricultural  chair  here. 

Then  we  come  on  to  teaching.     There  is 
a  Normal  College  for  teachers  here,  and  it 
appears  that  the  highest  grade  to  which  a 
teacher  can  go  is  the  "  T.3,"  which  happens 
to  be  the  lowest  teachers'  diploma.     After 
that,    teachers    are    required   to   go   over   to 
Pretoria  to  qualify  for  the  T.2  or  T.l  certifi- 
cates.    There  is  absolutely  no  reason  why, 
since  we  have  a  higher  Technical   College, 
we  should  not  have  a  Professor  of  Educa- 
tion to  allow  the  youth  of  Johannesburg  to 
be  educated  professionally  as  teachers  here. 
The  resolution  which  I  wish  to  propose  is  : — 
"  That    this    meeting    of    the    Chemical, 
IMetallurgical  and  INIining  Society  deeply 
regrets    to    find    that    Government    has 
shown  in  the  past  and  is  still  continu- 
ing to  show,  little  or  no  sympathy  with 
the  aims  of  the  community  on  the  Wit- 
watersrand for  higher  education  in  situ, 
and   protests    against   the    impediments 
emanating    from    Government    to    the 
development  of  higher  education,  especi- 
ally  with    regard   to  the  professions  of 
medicine,    agriculture,    and  teaching." 

Mr.  H.  A.  White  (Vice  -  Presideni): 
It  is  an  extraordinary  thing  that  this,  the 
real  capital  of  the  country,  should  carry  so 
little  weight  in  the  councils  of  the  Govern- 
ment of  the  land  This,  perhaps,  may 
partly  be  attributed  to  a  certain  absentee- 
ism, such  as  Ireland  has  suffered  from  for 
centuries.  The  principal  owners  of  our 
wealth,  partly  due  to  the  war,  are  resident 
abroad,  and  their  local  representatives, 
although  admittedly  men  of  high  standing 
and  reputation,  are  not  able  to  give  us  all 
the  aid  we  require  in  obtaining  a  fair  return 
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ior  tlie  excessive  taxation  to  which  we  are 
subjected.  The  INlinistcr  of  Finance  calls  on 
Cloiiath  of  (-Jath.  hut  the  Minister  of  Kduca- 
tion  rephes  to  liildad  the  Shuliito.  Furlher- 
niore,  tlie  present  pohtical  capital  appears 
to  view  our  wants  v.ith  an  unfriendly  eye, 
and  here  we  have  the  right  to  call  for  an 
immediate  chan<:;e  in  its  unsympathetic 
attitude.  We  are,  and  always  have  been, 
willing  ;ind  anxious  to  helj)  Pretoria  in  all 
its  legitimate  aspirations  and  wi'  demand 
reciprocity.  Jn  matters  of  education  we  ask 
for  the  cordial  assistance  of  Pretoria  in  our 
endeavours  to  secure  adequate  training  facili- 
ties for  our  teachers,  and  ]»rovision  in  our 
own  University  for  the  proper  courses  in 
Medicine,  Veterinary  Surgery  and  Agricul- 
ture. In  addition,  we  expect  Pretoria  to 
freely  acknowledge  that  the  Rand  is 
obviously  the  correct  place  for  the  gold 
refinery  and  mint  shortly  to  be  establislied. 

If  we  find  our  rea.sonable  expectations 
met  in  these  matters,  it  is  certain  that  Pre- 
toria will  be  liberally  repaid,  not  only  when 
her  exhibition  is  open  for  visitors,  but,  as 
always,  whenever  she  has  just  demands  in 
any  direction  whatever  where  we  can  be  of 
assistance.  In  our  Society,  though  politics 
are  barred,  all  shades  of  opinion  are  repre- 
sented, and  we  therefore  call  upon  all  local 
^lembers  of  Parliament  to  study  the  parable 
of  the  importunate  widow  and  the  unjust 
judge  and  to  put  its  principles  into  vigorous 
practice.  Hp.ving  just  passed  measures  to 
rid  the  country  of  some  undesired  inhabit- 
ants, it  behoves  Parliament  to  provide  us 
with  the  necessary  means  to  produce  the 
fully  trained  citizens  upon  whom  so  much 
of  the  future  prosperity  of  our  country 
depends. 

Mr.  P.  Cazalet  (Member):  It  might 
interest  members  to  know  what  took  place 
at  the  meeting  of  the  Witwatersrand 
University  Committee  a  couple  of  afternoons 
ago,  as  i  do  not  think  that  any  members 
here  were  present,  excepting  Prof.  Wilkin- 
son ;  and  it  certainly  is  informative  to  kuow 
that  the  University  Committee  is  taking 
very  definite  action  on  the  lines  of  the 
motion  moved  to-night. 

As  you  know,  probably,  an  Int-er-Depart- 
mental  Commission  has  been  appointed  by 
the  Government  to  decide  on  the  site  for 
the  Veterinary  College  ;  it  sits  in  July.  That 
Commission,  as  usual,  is  rather  heavily 
weighted  in  favour  of  Pretoiia :  five  out  of 
seven  of  the  Committee  being  practically 
Pretoria    representatives;    but    we    will    be 


very  ably  represented  on  this  Committee 
in  the  person  of  Profes.sor  Funthuin,  and 
there  is  no  question  but  that  Johannesburg's 
case  will  be  put  before  tiiat  Commission 
very  fully.  The  University  Committee  has 
appointed  a  special  Sub-Conunittee  to  deal 
with  this  nuittcr,  and  to  put  Johatmesburg's 
claims  extremely  strongly  and  su|)port  the 
same  by  evidence 

Of  course,  everybody  who  has  studied 
Veterinary  Education  knows  that  it  prac- 
tically follows  parallel  and  on  almost  iden- 
tical lines  with  the  Medical  School  for  the 
first  three  years  out  of  a  four  years'  course, 
and  for  four  years  in  a  five  years'  coui^se, 
and,  therefore,  obviously  the  site  for  the 
Veterinai-y  School  is  at  the  place  where 
professors  who  are  instructing  the  Medical 
Students  are  resident, — and  that  will  be 
here  in  Johannesburg,  or  at  Capetown ; 
those  being  the  two  medical  centres  which 
have  been  decided  upon.  So  we  can  rely 
on  our  case  being  put  lK)th  ably  and  strongly 
and  a  very  good  fight  made  for  Johannesburg 
to  be  tlic  centre  of  Veterinary  Education; 
the  same  Sub-Committee  is  dealing  with 
Agriculture  also  on  behalf  of  the  University' 
Committee,  and  they  will  no  doubt  also 
deal  finiily  with  this  matter  too. 

I  think  that  brings  the  position  right  up 
to  date,  to  a  couple  of  days  ago.  You  may 
reh-  on  it  that  everything  is  being  dene  that 
is  possible  to  get  these  two  subjects  equit- 
ably dealt  with  by  the  Government. 

The  President:  I  think  we  must  be 
extremely  obliged  to  ^Mr.  Cazalet  for  putting 
us  so  much  au  fait  with  the  situation  as  it 
stands  to-day. 

This  Society'  has  always  taken  a  very  keen 
interest  and  prominent  part  in  matters  such 
as  have  been  placed  before  you  to-night, 
and  I  am  quite  sure  we  shall  continue  to  do 
so. 

I  do  not  propose  to  ask  anyone  else  to 
speak  to  this  resolution,  because  I  think  it 
is  not  necessary.  The  case  has  been  vers- 
plainly  put.  I  shall  merely  ask  you  to  vote 
on  the  resolution,  which  is  proposed  by  Mr. 
Watermeyer,  and  seconded  by  Mr.  Whit?, 
and  further  explained  by  Mr.  Cazalet. 

The  resolution  was  then  put  to  the  meet- 
ing, and  declared  carried  unanimously. 

On  the  proposal  of  the  President  it  wa:> 
resolved  to  send  copies  of  the  resolution  to 
the  ^linister  for  Education  and  to  the 
Council  of  Education. 
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THE    nANDLING     OF     AMALGAM     FROM     STKAMFD 
PLATES. 

Mr.  P.  Cazalet:  I  would  like  to  make 
a  suggestion  as  regards  this  matter.  We 
know  from  our  expeiience  ou  the  mines  that 
varieties  of  methods  of  amalgamation  are 
used.  On  many  mines,  in  fact,  the  bulk 
of  the  mines,  steaming  is  habitually  done, 
and  that  was  the  raisou  d'etre  of  the  little 
note  tiiat  was  given  a  couple  of  meetings 
ago,  which  was  extremely  useful  and  inter- 
esting ;  but  we  also  know  that  there  are 
certain  mines  which  never  in  their  history 
have  done  any  steaming  at  all,  and  have  no 
accumulation  of  gold  on  their  plates.  I  can 
name  two  mines  to-day  that,  for  the  last 
twenty-four  years,  have  never  done  any 
steaming  except  as  a  proof  of  the  presence 
or  absence  of  gold  on  the  plates.  And 
therefore  I  would  suggest  that  it  might  be 
referred  to  the  Council  as  a  recommendation 
to  appoint  a  small  Committee  of  investiga- 
tion to  collect  data  as  regards  amalgama- 
tion, including  the  many  small  variations 
of  practice,  and,  from  amongst  the  members 
select  one  or  two,  to  collate  the  results  of 
this  investigation  in  the  forai  of  a  paper,  so 
that  it  may  be  definitely  recorded  what  are 
the  practices  on  the  Rand,  and  how  far 
steaming  is  a  necessitv  and  how  far  it  is 
a  frill. 

We  know  that  the  question  of  treatment, 
or  rather  protection  against  salivation  has 
been  taken  up  very  strongly  just  recently, 
and  that  there  are  several  methods  suggested 
for  improving  that :  but  there  is  obviously 
a  better  method  for  eliminating  steam  and 
mercury  fumes,  and  that  is,  not  to  create 
them;  and,  if  it  is  possible  to  can'y  on 
amalgamation,  as  certain  mines  do,  without 
ever  steaming,  it  might  be  well  if  this  Com- 
mittee that  I  suggest,  investigated  the 
matter  to  see  whether  or  no  steaming  is  a 
necessity,  and  what  other  practices  in  amal- 
gamation shoidd  either  be  improved  or  could 
be  more  generally  utilised  on  the  Raiid.  So 
1  should  like  it  to  be  a  suggestion  to  the 
Council  that  such  a  Committee  r)f  Inquiry 
be  appointed. 

The  President:  ;Mr.  Cazalet's  remarks 
are  of  peculiar  interest,  because  this  little 
note  about  the  handling  of  amalgam  has 
been  obviously  compiled  in  order  to  avoid 
the  danger  of  salivation  from  steaming,  and 
I  must  say  I  personally  agree  with  ^Ir. 
Cazalet  entirely — whether  he  stated  that  in 
so  many  words  or  not,  I  think  he  meant  that 
there  was  no  necessitv  whatsoever  for  ever 


steaming  plates.  Really,  what  he  means, 
if  I  may  intei-pret  it  perhaps  in  other  words, 
is  this,  that  he  does  not  regard  the  plates 
in  a  mill  as  a  bank,  and  I  heartily  endorse 
that  view. 

1  think  that  if  tluU  ])oint  is  agreed  upon, 
then  his  suggestion  that  we  should  go  into 
the  question  of  methods  of  amalgamation  is 
quite  unnecessary,  because  they  constitute 
a  perfectly  nonnal  routine ;  but,  as  long  as 
metallurgists  will  insist  on  keeping  so  much 
gold  up  their  sleeves,  then  we  shall  always 
have  the  unpleasant  necessity  of  dragging 
it  out  of  him  by  the  teeth — by  steaming  tlie 
plates. 

Mr.  T.  G.  Martyn  (Member):  May  I  ask 
if  there  is  a  threat  secret  about  the  way 
this  is  done,  and  whether  the  secret  can  be 

revealed  ? 

The  President:  No,  1  do  not  think  there 
is  any  secrecj'  about  it  whatever;  it  is  a 
matter  that  is  known  quite  well  to  nearly 
every  man  sitting  here  this  evening. 

Mr.  P.  Cazalet:  I  might  mention  the 
names  of  the  two  inines  to  whicli  I 
referred:  the  Ferreira  Deep,  Ltd.,  and  the 
Wolhuter  Gold  Klines,  Ltd.,  have  never 
steamed  in  their  existence,  except  experi- 
mentally to  see  what  gold  is  on  the  plates. 

The  President:  The  one  is  a  relatively 
rich  mine,  and  the  other  is  a  poor  one;  thev 
represent  very  fairly  the  two  extreme?!,  do 
they  not? 

Mr.  P.  Cazalet:     Yes. 

Mr.  H.  A.  White  (Vice  -  Presideni): 
It  is  not  necessary  to  use  steaming  in  order 
to  get  the  bulk  of  accumulated  amalgam 
off  the  plates;  there  are  other  methods.  I 
think  it  should  not  go  forward  from  this 
Society,  as  its  studied  opinion,  that  steam- 
ing is  the  principal  source  of  salivation  and 
damage  to  the  teeth  and  jaws  of  our  reduc- 
tion worlcers.  Other  sources,  I  thinit,  are 
far  more  important.  The  handling  of 
mercury  or  amalgam  and  the  eating  of  food 
thereafter  without  first  completely  remov- 
ing all  traces  of  mercuiT  from  the  hands  is, 
I  think,  a  more  likely  source  of  the  trouble 
lliat  is  found  in  some  cases. 

'M.T.E.  Gr.  Bilser Associate):  The  Knights 
Central  Conqjany  never  steams  its  plates. 
There  is  another  place  where  mercury  may 
be  absorbed,  and  that  is  the  amalgam  press. 
Some  places  use  liot  water,  and  I  think 
mercury  is  inhaled  there  with  the  steam 
coming  off  the  hot  water. 
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The  President:  I  think  wo  may  very  well 
adopt  -Mr.  C'n/.aK't's  supj^estion  of  briiip;iii<^ 
this  mattin-  before  the  Council,  and  possibly 
forming  ii-  small  Sub-Committee  to  go  into 
this  matt<^r.  So  I  think  we  can  leave  the 
subject  at  that  stage  for  the  present. 

A    SAFKTY    UKVICE    FOR    EXHAUSTING    MKRCUUY 
FUMES    DURING    STEAMING    OF    AMALGAM 

PLATKS.* 

Mr.  J.  Fairfax  Walker  ( Member):  At 
the  suggestion  of  the  Metallurgical  Depart- 
ment, Hand  Mines,  Ltd.,  experiments  weri' 
can-ied  out  about  six  months  ago  at  the 
Consolidated  Main  Reef  Mine  with  a  view 
to  preventing  the  mild  forms  of  mercurial 
poisoning  occasionally'  occurring  and  con- 
tracted whilst  steaming  amalgamating 
plates.       A     simple     device     was    tried    and 


sample  was  taken  very  close  to  the  plate 
and  the  workmen  are  generally  20  in.  or 
30  in.  away,  the  evil  results  that  might 
accrue   are   considered    negligible. 

(Jolf  leaf  showed  no  discoloration  when 
held  \  in.  over  a  freshly  steamed  plate,  even 
after  the  amalgam  had  been  scraped  with  a 
chisel.  A  condenser  was  placed  at  the 
I  exhaust  pipe  with  the  object  of  recovering 
j  mercury,  but  nothing  of  commercial  value 
was  collectfd.  It  is  found  that  the  men  can 
now  carry  out  steaming  oi)erations  with 
much    greater   comfort    and    with    safety. 

The     old     method     of     steaming     plates 

connnon    to    most    mines,     is    to    have    a 

wooden    box,    or    cover,    placed    over    the 

'  amalgamated    plate,    with    the    usual    inlcfc 

<;f    steam.      The    sides    are    jannned    with 


General  view  of  Fume  Extractor. 


found  to  be  effective ;  so  much  so  that 
after  thorough  trial  it  has  now  been  perma- 
nently adopted  on  this  and  a  number  of 
other  Witwatersrand  mines. 

From  samples  taken  during  steaming 
operations  with  the  new  device,  and  analysed 
qualitatively,  it  was  found  that  mercury  in 
very  small  quantities  was  present  in  the 
steam  exhausted  from  the  plate.  Mercury 
was  also  found  in  the  air  immediately  above 
the    plate    during    scraping,     but    as    the 

*Owing  to  a  misunderstanding,  this  note  did  not 
come  to  hand  until  after  the  meeting. 


sacks,  or  blanketting,  with  a  view  to  retain- 
ing all  the  steam,  but  this  is  the  only 
outlet,  and  the  result  is  that,  except  in 
the  well-ventilat«d  plate  houses,  mercury 
laden  steam  pervades  the  building,  and 
when  the  steaming  cover  is  removed,  the 
conditions  are  even  worse,  as  the  workmen 
have  to  handle  steaming  sacks  and  steam 
is  still  present  under  the  cover. 

The  new  device  adopted  to  combat  these 
conditions,  consists  of  a  clamped-down  cover 
made  in  two  sections  (for  a  12  ft.  x  5  ft. 
table.     The  top  of  the  cover  is  made  of  20 


226 


Tht  Journal  of  The  Chemical,  Metallurgical  and  Mining  Societi/  of  South  Africa.       May   19iy 


gauge  galvanized  iron,  bolted  on  to  a  wooden 
frame,  on  tlie  bottom  of  which  is  tacked 
thick  Kafir  blanket,  horse  rug,  or  any 
such  material.  This  cover  is  placed  on  the 
plate  with  four  pieces  of  angle  or  channel 
iron,  two  for  each  section  of  the  cover. 
Then  hook  bolts  are  fixed  to  the  frame 
below  the  plate,  and  the  screw  portion  being 
slipped  into  slots  in  the  angle  iron  is 
fastened  down  with  dy  nuts.  This  makes 
a  tight  joint  between  cover  and  plate. 

A  1  in.  steam  connection  is  fixed  to  the 
top  section  of  the  cover,  passes  inside,  and 
spreads  over  the  full  width  of  the  plate  by 
means  of  a  perforated  pipe.  A  pressure  of 
from  5  lb.  to  10  lb.  is  maintained.  The 
steam  is  drawn  oft'  through  a  chamber, 
tapering  in  diameter  from  11  in.  to  4  in., 
by  means  of  a  canvas  hose  5  in.  in  diameter. 
A  1  in.  spiral  wire  is  run  inside  the  hose  to 
stiffen  it  and  the  outside  is  given  two  coats 
of  oil  paint  to  make  it  steam  tight.  The 
connection  to  the  pennanent  3  in.  suction 
is  made  by  means  of  flanges.  The  fumes 
are  exhausted  through  the  roof  by  an  induc- 
tion fan  which,  on  this  plant,  is  placed 
outside  the  building.  An  air  or  steam 
ejector  has  been  found  a  satisfactoi-y  sub- 
stitute for  the  fan. 

The  method  of  operation  is  as  follow^s  :  — 

The  fan,  air  or  steam  ejector,  is  started 
and  steam  turned  on  at  from  5  lb.  to  10  lb. 
pressure  for  the  required  time,  i.e.,  10  to  15 
minutes,  after  which  the  steam  is  turned 
off  the  flexible  steam  pipe  disconnected, 
hook  bolts  and  angle  iron  stays  taken  adrift, 
and  water  drain  pipe  plug  at  bottom  end  of 
cover  taken  out.  The  fan,  or  ejector,  is 
kept  going  until  all  the  fumes  are  elimi- 
nated, then  the  top  section  of  the  cover  is 
raised  i  in.  for  two  or  three  minutes  to 
allow  fresh  air  to  enter  under  cover  and 
drive  out  the  last  of  the  fumes.  Lastly, 
the  flexible  hose  pipe  is  disconnected  from 
the  cover,  and  when  the  latter  is  removed 
there  is  not  a  trace  of  fume  to  be  seen,  the 
atmosphere  being  quite  clear  and  sweet. 

The  advantages  of  the  device  are :  First 
and  foremost,  safeguarding  the  health  of  the 
men  operating  on  steaming  amalgamated 
plates.  Secondly,  the  amount  of  steam  used 
is  much  less  than  formerly,  owing  to  its  be- 
ing evenly  distributed  all  over  the  plate  and 
concentrated  under  cover.  Thirdly,  the 
fixing  of  the  device  and  steaming  of  the 
plate  are  done  in  less  time  than  by  the  old 
method. 


The  cost  of  operating  is  small,  while  the 
cost  of  installation  is  not  great,  considering 
the  benefits  to  the  men  to  be  derived  from 
it.  On  this  plant  the  cost  of  installing  all 
but  the  fan  was  under  £100. 

It  was  generally  accepted  that  a  plate 
which  is  steamed  occasionally  is  -in  better 
condition  from  a  recovery  point  of  view 
than  a  "  dry  chiselled  "  one.  The  writer 
understands  that  several  mines  w'\\\  now 
go  back  to  the  steaming  process,  which  was 
discarded  owing  to  the  inconvenience  of  the 
old  steaming  box. 

Acknowledgment  is  due  to  the  practical 
collaboration  with  the  writer,  in  designing 
and  caiTj'ing  out  of  the  trials,  of  ]Mr.  D.  C 
Bowen  of  this  mine. 

PLATE     STEAMING    BOX    AND    MERCURY    FUME 
EXTRACTOR. 

Mr.  J.  Chilton  (Member  of  Council): 
read  the  following  contribution : 

Ml.  J.  J.  Smythe  (Member):  In  view 
of  the  escape  of  steam  containing  mercury, 
in  quantities  detrimental  to  the  health  of 
men  engaged  in  steaming  amalgamated 
plates,  it  was  thought  necessary'  to  devise 
some  means  of  overcoming  this  undesirable 
feature. 

A  method  designed  by  Messrs.  Walker 
and  Bowmen,  of  the  Consolidated  Main  Eeef 
G.M.  Co.,  is  apparently  the  first  attempt 
to  deal  with  the  situation.  When  given  the 
privilege  of  seeing  this  elaborate  installation 
in  operation  it  appeared  to  do  its  work  in 
a  very  satisfactory  manner.  It  was  con- 
sidered, however,  that  under  existing  cir- 
cumstances the  Village  Main  Eeef  was  not 
justified  in  going  to  the  expense  of  such  an 
elaborate  plant  as  that  on  the  Consolidated 
Main   Eeef. 

The  steaming  box  and  mercury  fume 
extractor  under  consideration  was  devised  to 
do  away  with  an  expensive  installation  of 
piping  and  a  power  driven  fan  for  exhaust- 
ing the  steam.  As  the  accompanying  illus- 
tration shows,  the  apparatus  consists  of  an 
ordinary  steaming  box  wuth  a  patent  G  in. 
H.A.S.  blower  fitted  to  the  lower  end  of 
the  bottom  half  of  the  box  and  open  to  the 
interior  of  the  same.  This  blower  has  a 
nozzle  of  ^  in.  diameter,  and  consumes  at 
80  lb.  pressure  21-2  cub.  ft.  of  free  air  per 
minute.  In  operation  it  is  only  necessary 
to  turn  on  sufficient  air  to  cause  a  vacuum 
strong  enough  to  prevent  steam  leaking  from 
bad   joints   caused  by   irregularities   of  the 
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surface  ctl'  the  amalgamated  plates  and  full 
on  for  a  few  seconds  when  steam  is  turned 
off  from  tiie  box  in  order  to  clear  out  any 
renuiinin^'  vapour.  Where  air  in  unobtain- 
able, steam  can  lie  used  in  the  binwer.  The 
whole  operation  of  steaming  one  |)late  should 
not  cost  in  air  consumption  more  than  one 
penny,  if  as  much.  At  tlie  Village  Main 
Eeef  a  short  jnece  of  pipe,  8  ft.  long,  joined 
on  to  till'   bliiwer  carries   the  steam   outside 


about  JNlr.  Chilton's  description  of  this  new 
refinement  of  device  for  exhausting  mercury 
fumes.  1  might  state  that  in  connection 
with  the  original  appiiratus,  the  Consoli- 
dated .Main  Iieef  device,  a  fan  was  first 
used ;  also  an  air  ejeetor,  also  a  steam 
ejector,  and  lliat  they  all  worked  about 
e(iually  well.  I  think  you  will  find  that 
on  one  of  the  other  pUmts  an  ordinary  air 
ejector  is  in  successful  use  now. 


afs^t/903 
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rthe  building  containing  the  plates  and 
-exhausts  to  atmosphere.  Contact  between 
the  box  and  i)l;ite  is  made  by  sufficiently 
weighting  them  down  with  moveable 
weights.  No  attempt  has  been  made  here 
to  condense  the  steam  from  the  box  and  so 
recover  mercury  carried  cff,  it  being  under- 
stood the  quantity  is  too  small  for  it  to 
prove  a  commercial  success  in  view  of  the 
cost  of  providing  and  running  a  condensing 
plant. 

As  a  residt  of  the  experience  with  the 
6  in.  blower  it  is  considered  that  a  4  in. 
would  be  ample  to  do  the  work,  and  thereby 
-save  in  weight  and  cost  as  follows  : — 

6    in.    blower,    approximate    cost,    £12; 
approximate  weight,  33  lb. 

4    in.    blower,    approximate    cost,    £10: 
approximate  weight,  22  lb. 
Mr.  F.  Wartenweiler  (Member  of  Coun- 
.cil):     I  would  like  to  make  a  few  remarks 


The  President:  We  greatly  appreciate 
this  note  of  .Mr.  Smythe's  which  will  no 
doubt  lead  to  the  publication  of  further 
short  notes  on  other  contrivances  used  either 
on  the  surface  or  underground.  They  are 
most  useful. 

'■    SAFETY     FIKST  "     IN     TIIE     STAMP     MILL. 

Mr.  E.  G.  Bilse  {Associate):  I  would 
like  to  say  tliat  I  noticed  in  the  Journal 
last  month  that  safety  blocks  to  fingers  on 
the  stamps  had  been  in  use  for  the  last 
couple  of  years.  I  am  inclined  to  thinli 
there  are  a  couple  of  other  necessary  things 
wliieh  have  been  neglected  in  most  mills 
in  the  past;  firetly,  the  jack  shafts  are 
always  put  too  close  to  the  stamps  causing 
the  fingers  to  stand  nearly  upright,  con- 
sequently it  does  not  take  much  to  make 
them  shift  out;  secondly,  the  finger-caps 
are    not   always   given    sufficient   attention. 
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Those  caps,  with  the  lifting  of  the  stamps, 
get  worn,  and,  instead  of  the  angle  being 
sloping  backward,  it  soon  slopes  fonvard, 
which  assists  to  force  the  finger  to  work  its 
way  out,  especially  where  there  is  any  pack- 
ing. That  plays  a  great  part  as  regards  the 
fingers,  and  it  is  a  thing  that  is  not  attended 
to  in  most  mills  as  it  should  be.  I  consider 
that  if  these  smaller  things  had  more  atten- 
tion paid  to  them  there  would  be  far  less 
accidents  in   the   mill,   even  with   all  their 


safety  devices.  I  would  suggest  that  the  mill 
carpenters  should  receive  instructions  to 
examine  and  overhaul  these  devices  at  least 
once  a  week. 

The  President:  I  am  sure  we  are  very 
much  indebted  to  Mr.  Bilse,  who  has  not 
been  very  long  a  member  of  this  Society, 
and  therefore  we  welcome  very  much  the 
fact  that  he  immediately  comes  in  and 
speaks  his  mind  and  brings  forward  practical 
suggestions,  which  we  value  very  much. 


NOTES   OX  THE   CLOSER   WORKING  AND  JOINT  HOUSING  OF  TECHNICAL 
AND  SCIENTIFIC  SOCIETIES  ON  THE  RAND. 


By    Percy    C.a.z.\let    (^Member). 


Before  I  starts  reading  the  paper,  I  would 
like  to  say  this  paper  is  not  my  own  alone, 
and  it  does  not  profess  to  be.  It  is  merely 
my  bad  fortune  that  I  was  elected  ChaiiTnan 
of  the  Sub-Committee  that  made  the  inves- 
tigation, and  other  members  of  the  Sub- 
Committee  were  sufficiently  smart  to  think 
it  was  the  duty  of  the  Chairman  not  only  to 
get  the  paper  together,  but  to  read  it.  I 
congratulate  them  on  having  got  out  of  a 
considerable  amount  of  work.  At  the  same 
time,  it  is  a  subject  that  has  been  very  close 
to  my  heart  for  many  years,  and  I  really 
am  not  in  the  least  sorry  at  having  the 
duty  put  upon  me ;  but  I  would  like  to 
make  it  quit-e  clear  that  this  suggested 
scheme  is  the  work  of  the  Sub-Committee 
representing  the  three  Societies: — this 
Society,  the  S.A.  Institution  of  Engineers, 
and  the  South  African  Institute  of  Elec- 
trical Engineers,  who  have  been  jointly 
represented,  for  most  of  the  time,  by  three 
members  each,  working  as  a  Sub-Com- 
mittee on  this  matter  for  four  and  a  half 
years. 

Throughout  the  civilised  world  men  and 
women  have  always  striven  after  new 
means  of  improving  the  condition  of  their 
fellows,  of  extending  the  amenities  of  life 
and  of  increasing  economic  efficiency  where- 
ever  possible :  this  is  perhaps  truest,  in 
later  years,  of  the  scientific  and  technical 
world,  although  true  also  in  greater  or 
lesser  degree  of  all  ranks  of  thinkers  and 
workers. 

For  this  movement  we  have  to  thank 
in  the  first  instance  the  fact  that  for  a  long 
time  all  the  various  sections  of  mankind 
have  been  consciously  or  unconsciously 
striving,  some  blindly  but  some  with  very 
definite  vision,  towards  the  realisation  of  a 


broader,  more  generous  and  more  corporate 
life. 

The  anxieties  and  experience  of  the 
four  and  a  haK  years  we  have  just  passed 
through  will  have  been  without  their  lesson 
to  us,  if  we  do  not  see  in  them  not  only  an  ex- 
cuse for  but  also  a  mandate  to  a  less  selfish 
and  self-centred  life  on  the  part  especially 
of  those  best  able  by  character,  attainment, 
or  the  accident  of  position,  to  help  their 
fellows. 

It  must  be  admitted  that  the  present  is 
a  particularly  appropriate  time  to  initiate 
any  scheme  whereby  these  tendencies  to- 
wards co-operative  action  can  not  only  be 
realised  by  all,  but  also  encouraged  and 
guided  into  such  channels  as  will  ensure 
fruitful  results. 

Efforts  ix  Other  Centres. 

In  the  technical  world  we  see  these  ten- 
dencies largely"  developed  in  efforts  at  more 
corporate  life  and  closer  relations  amongst 
their  several  societies.  In  the  States,  in 
quite  recent  years,  a  central  technical  house 
has  been  secured  in  New  York,  largely 
through  the  generosity  of  one  of  America's 
leading  philanthi-opists.  This  institution  is 
owned  and  used  by  the  engineering  societies 
as  their  joint  house  and  headquarters,  and 
from  it  goes  forth  to  the  whole  country  the 
corporate  views  of  engineers  and  pro- 
fessional technical  men  generally,  with  a 
weight  and  clarity  which  is  not  possible 
when  each  society  is  interested  in  the 
immediate  concern  of  its  own  members 
alone  and  there  is  no  general  mouth -piece 
to  speak  for  the  technical  and  scientific  pro- 
fessions as  a  whole.  (See  Appendices  I.,  II. 
and  III.) 
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In  England  the  same  temlcncius  arc  ut 
work,  and  pourparlers  have  been  exchanged 
and  ])lans  discussed  for  closer  working  and 
joint  housing  amongst  several  of  the  leading 
societies,  with  headquarters  in  London. 
(See  Appendices  I.  and  J II. J 

In  (Jermany,  as  anyone  wlio  has 
studied  the  l)ulletin  of  the  American  Insti- 
tute of  Mining  Engineers  for  August,  1918, 
will  see,  a  movement  has  been  on  foot  for 
some  time,  but  on  a  much  more  advanced 
basis  even  than  the  ones  mentioned,  for 
there  what  is  ]>roposed  is  practically  an 
amalgamation,  federation  and  trades  union 
■of  all  societies  and  those  interested  in  engi- 
neering in  any  form.      (See  Appendix  lY.) 

There  must  be  many  other  similar 
movements  in  the  world  that  would  prove 
interesting  to  consider,  but  time  does  not 
allow  of  their  discussion  even  were  data 
readily  available,  but  sufficient  has  already 
been  said  to  indicate  that  similar  move- 
ments to  our  own  are  taking  place  in  various 
parts  of  the  world,  and  that  we  cannot  be 
considered  to  have  originated  the  idea  but 
merely  its  local  application. 

History  of  Lgc.vl  Efforts. 

Quite  early  in  the  war  a  movement  took 
shape  locally  towards  the  closer  working  and 
joint  housing  of  technical  societies  with  a 
view  both  to  cheapening  the  cost  and  to 
increasing  the  amenities  given  to  members 
in  return  for  their  subscriptions :  it  was  felt 
also  that  such  a  movement  once  consum- 
mated must  lead  in  a  number  of  ways  to 
the  heightening  of  the  standard  of  attain- 
ment of  members  of  the  scientific  and  tech- 
nical societies,  and  to  an  increase  of  their 
status  and  with  this  last,  the  trustworthi- 
ness of  and  therefore  the  reliance  placed 
upon,  scientific  and  technical  men 
generally. 

In  the  first  instance  a  small  sub-com- 
mittee representing  the  three  strongest 
local  and  purely  technical  societies  was 
called  together  at  the  instance  of  the  S.A. 
Institution  of  Engineers,  and  much  spade 
work  and  sifting  of  schemes  and  ideas  was 
carried  out  by  them,  which  efforts  and 
work  deserve  the  gratitude  of  members  of 
their  own  and  of  all  kindred  societies.  When 
a  certain  point  had  been  reached  last  year 
it  was  felt  that  the  time  was  not  propitious 
to  go  beyond  the  preliminaries  during  the 
anxious  days  of  the  last  year  of  war,  but 
now  that  the  war  is  happily  over  it  is 
unquestionably  the  time  to  consider  and,  if 
found  feasible,   go  forward  with  a   definite 


.selit  nie  dtuliu^  with  all  South  African 
purely  technical  and  scientific  societies; 
thus  tiying  to  develop  further  the  corporate 
sense  and  professional  status  amongst  their 
members  (to  the  importance  of  which  refer- 
ence has  ah-eady  been  made)  by  granting 
facilities  for  meeting  with  their  fellous 
under  circumstances  of  comfort,  goodwill 
and  atmosphere,  congenial  both  on  social 
and  professional  grounds. 

The  fjiehminary  discussions  soon 
showed  that  there  were  definite  difficulties 
as  well  as  definite  advantages,  as  was  of 
cf;urse  to  i)e  expected  in  any  scheme  of 
closer  working,  and  that  it  were  better  to 
go  forward,  in  the  first  instance  at  any  rate, 
on  lines  which  might,  it  is  true,  eventually 
lead  to  true  federation  of  societies,  but  with 
no  arriere  pensce  on  the  subject  either  of 
federation  or  amalgamation. 

No  society  with  a  worthy  history 
behind  it  but  has  reason  to  shun  the  loss  of 
identity  involved  in  '  amalgamation,' 
while  an  immediate  '  federation  '  would  not 
greatly  aid  in  bringing  about  the  desired 
end,  and  it  is  quite  conceivable  that  before 
it  came  about  considerable  differences  would 
have  to  be  overcome;  differences  of  detail 
might  possibly  even  overshadow  points  of 
major  importance  on  which  agreement  was 
movement  bj-  precipitate  action. 

With  the  present  tendencies  towards 
federation  of  representation  and  the  collec- 
tion of  all  with  similar  interests,  as,  for 
instance,  in  Labour  circles,  into  societies  of 
operatives,  a  similar  tendency  amongst  the 
engineering  professions  is  not  only  conceiv- 
able, but  is  actually  probable  in  course  of 
time,  for  the  tendency  of  the  world  is  more 
and  more  towards  the  consideration  of  cor- 
porate views  as  opposed  to  the  views  of  the 
individual  or  of  a  section. 

Nothing  of  this  advanced  nature  is  even 
suggested  in  the  present  scheme  to  be  out- 
lined to-day,  but  thinking  people  should  see 
and  note  these  tendencies  and  should  recog- 
nise what  are  the  real  trends  of  thought  and 
action,  and  they  then  will  be  in  a  position 
to  aid,  combat  or  direct  them  as  their 
experience  and  desires  indicate. 

Outline  of  Scheme. 

The  outline  of  the  proposed  scheme 
provides  the  same  freedom  of  action  as  each 
society  has  always  experienced,  together 
with  the  possibility  of  full  "  amalgama- 
tion '  coming  voluntarily  when  the  time  is 
ripe,  and  the  considerable  probability  of 
some  scheme  of  '  federation  '  evolving  itself 
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before  many  years  have  passed  from  the 
mere  fact  of  joint  and  harmonious  action 
over  a  period. 

Brieriy,  the  scheme  proposed  may  be 
outlined  as  the  joint  ownership  of  an  Insti- 
tute building  containing  offices  for  each  indi- 
vidual society,  as  well  as  for  the  secretary 
and  staff  of  the  Institution  itself;  large  and 
small  meeting  halls ;  reading,  smoking  and 
refreshment  rooms,  with  a  nucleus  of  a  good 
scientific  library.  The  possibility  of  ulti- 
mately housing  the  central  scientific  and 
technical  library  of  South  Africa  when  the 
Seymour  Memorial  Library  eventually 
comes  home  to  roost  in  its  true  dovecote, 
would  also  have  to  be  provided  for,  and,  if 
bedrooms  for  members  from  a  distance 
could  be  included,  the  convenience  of  the 
Institution  to  such  would  be  greatly 
increased ;  were  it  possible  also  to  provide 
accommodation  in  the  building  in  excess  of 
the  societies'  first  requirements,  professional 
men  might  be  taken  as  tenants  of  offices, 
thus  centralising  the  business  efforts  of 
unattached  professional  men  as  well  as 
those  of  their  societies. 

Membership  of  the  Institution  would 
belong  of  right  to  all  members  of  such 
societies,  but  need  not  necessarily  be  con- 
fined to  them,  and  members  of  such  kindred 
societies  as  might  not  be  eligible  for  full 
participation  in  the  scheme,  might  be 
admitted  to  partial  or  complete  member- 
ship of  the  Institution  on  equitable  terms. 

The  control  of  the  Institute  would  be 
in  the  hands  of  a  committee  consisting  of 
representatives  from  all  the  participating 
societies. 

Such  a  broad  scheme  as  has  here  been 
sketched  in  the  veriest  outline  would  retain 
to  each  participating  society  its  own  full  and 
complete  freedom  of  policy  and  manage- 
ment, together  with  a  share  in  the  manage- 
ment of  the  Institution  itself. 

Advaxt.\ges. 

It  would  not  be  difficult,  given  ample 
time,  to  give  a  very  complete  and  detailed 
list  of  benefits  accruing  from  such  an 
Institution  as  is  here  proposed,  but  it 
suffices  now  only  to  mention  a  very  few  of 
the  obvious  ones,  namely:  — 

1.  The  possibility,  if  desired,  of  the 
joint  use  by  several  societies  of  one  secre- 
tary, or  even  of  the  Institution  itself  as  its 
secretary.  This  possibility  must  lead  to 
greater  economy  and  efficiency,  and  might 
ultimately  lead  to  the  joint "  use  of  such 
staff  by  all  societies. 


2.  The  use  by  right,  rather  than 
merely  through  goodwill,  of  regular  and  pro- 
perly equipped  meeting-rooms,  in  which  the 
papers  of  the  different  societies  would  be 
read. 

3.  A  central  and  convenient  Technical 
Library,  including  current  scientific  and 
technical  literature,  where  reading  can  be 
carried  out  under  the  most  convenient  and 
comfortable  circumstances. 

4.  Uniformity  m  methods  of  produc- 
tion, advertising  and  letting  of  tenders  for 
printing  of  Journals,  with  the  possible  par- 
tial or  complete  joint  production  of  Journals^ 
of  some  of  the  weaker  societies. 

5.  Simplicity  of  arrangements  for  the 
joint  reading  of  papers  of  general  interest 
before  two  or  more  societies. 

6.  The  possibility  of  forcible  and 
prompt  co-operation  when  necessary  of  the 
whole  of  the  participating  societies  in  joint 
enquiry  or  unity  of  action  towards  matters 
of     technical     or     public     interest. 

7 .  The  possibility  of  social  intercourse 
between  members  of  the  same  and  kindred 
professions  in  a  convenient  and  congenial 
atmosphere,  as  well  as  the  possibility  of 
seniors  and  juniors  in  the  same  profession 
meeting  on  common  ground,  and  with 
equal  privileges,  where  both  can  learn  from 
each  other,  without  the  possibility  of  either 
the  fear  of  condescension  or  diffidence  inter- 
fering with  a  most  natural  and  desirable 
exchange  of  views. 

FlX.\XCING. 

Details  of  the  financing  of  the  Institu- 
tion would,  of  course,  require  considerable 
consideration  and  cannot  be  dealt  with  in 
detail  in  a  paper  of  this  sort,  but,  broadly, 
the  running  cost  of  the  scheme  would  be 
financed  on  some  such  lines  as  the 
following  r — 

1.  Institutional  fees  from  each  par- 
ticipating society's  income,  rendering  their 
members  o^utomatically  members  of  the 
Institution.  These  might  be  preferably  on 
a  per  capita  basis,  with,  possibly,  part 
remittance  in  the  case  of  members  who 
belong  to   several  societies. 

2.  Affiliation  fees  of  such  additional 
non-participating  societies  as  may  become 
admitted  to  membership  either  in  whole  or 
in  part. 

3.  Subscriptions  of  individuals,  either 
as  club  members  or  as  library  members,  of 
such  kindred  societies  whose  members  may 
be  eligible  for  membership,  although  their 
societies  are  not  themselves  admitted  as- 
institutional  members. 
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4.  Income  from  catering  department 
and  Itttin*:;  of  meeting  rooms,  etc. 

o.     Income  from  endowment  funds. 

0.  Capitation  ;j;rants  fiom  employers 
of  members  or  subseribeis. 

The  first  five  of  tlie  al)ove  siiggcstetl 
sourci's  of  revenue  do  not  call  for  any  special 
reference,  but  a  word  as  to  the  last  might 
be  advisable. 

There  cm  be  no  (piestion  but  that  an 
employer  of  any  scientific  or  technical  mjin 
does  gain  in  the  work  given  by  his  employee 
should  the  latter  keep  himself  in  touch  with 
progress  and  thought  in  his  own  profession, 
and  how  can  this  be  better  done  than  by 
belonging  to  a  society  which  caters  for  his 
special  line?  Again,  under  the  circum- 
stances of  South  Africa  in  general  and  the 
Eand  in  particular,  it  would  be  a  perfectly 
fair  and  a  perfectly  safe  and  successful 
thing  to  appeal  to  employers  in  general 
(Government,  mining,  manufacturing  and 
commercial)  to  support  such  an  Institution 
as  here  outlined,  and  what  better  basis  could 
they  be  asked  to  subscribe  upon  than  by 
agreeing  to  pay  a  yearly  subscription  on  a 
per  capita  basis  for  such  of  their  employees 
as  are  or  become  members  of  one  or  other 
of  the  scientific  and  technical  societies  avail- 
able to  help  them  in  their  work? 

Such  employers  as  agreed — and  few,  on 
the  Eand  at  least,  would  refuse — would 
therefore  become  "  employer  subscribers  " 
and  would  have  their  names  entered  on  the 
annual  ]niblished  lists  as  such,  thereby 
proving  to  all  their  far-sightedness  and 
public  spirit. 

Methods  of  Securixg  Ixstitute. 

So  far  we  have  dealt  with  its  advan- 
tages if  and  when  we  get  the  Institution 
proposed,  and  now  it  is  necessary  to  turn 
for  a  time  to  the  possibilities  of  its 
eventuating. 

There  are  several  ways  of  securing  such 
an  Institution  as  we  desire,  namely:  — 

1.  Bv  direct  contribution  of  the  socie- 
ties concerned  themselves. 

2.  By  getting  some  individual  or  com- 
pany to  put  up  the  money  as  a  business  pro- 
position ;  recovering  in  the  form  of  rent 
a  fair  retuni  on  the  outlay. 

3.  By  appeahng  to  the  general  public 
for  subscriptions. 

4.  By  appealing  to  the  generosity  and 
far-sightedness  of  a  wealthy  individual. 

5.  By  a  combination  of  any  of  the 
above,  except  No.  2. 


Taking  these  points  seriatim  we  might 
say  as  regards: 

(1)  Direct  contrihution  of  societies 
flirnmclvcs.  That  -!■  and  necessary 
to  the  success  of  th'  as  is  subscrip- 
tion to  the  funds  on  a  euiumfjn  basis  by 
each  participating  society,  tlure  would  be 
no  hope  of  securing  the  Institution  if 
reliance  (tn  this  source  alone  were  had.  The 
sources  of  income  of  societies  are  too 
limited. 

(2)  Ilirinij  of  building.  This  basis  is 
the  least  desirable  of  all  the  possible  sources 
and  would  cripple  the  societies  in  tlieir 
work  by  the  high  rent  they  would  be  obliged 
to  pay.  The  combination  of  philanthrf^py 
with  business  is  but  rarely  successful,  and  a 
failure  on  these  lines,  as  would  appear 
inevitable,  would  ruin  our  chances  for  all 
time. 

(3)  Appeal  to  the  public.  Appeal  to 
the  wealthy  and  business  public  of  Johan- 
nesburg and  the  Reef  but  rarely  fails,  and 
as  a  consequence  they  have  a  very  large 
number  of  appeals  to  meet.  This  source 
could,  however,  be  much  more  fairly  and 
successfully  appealed  to  in  the  direction 
already  indicated,  i.e.,  in  the  form  of  annual 
subscriptions,  based  on  a  per  capita  pay- 
ment for  all  employee  members  of 
societies. 

(4)  Appeal  to  an  individual.  This 
source  is  at  once  the  most  likely  and  the 
most  reasonable  one  from  which  ifunds  could 
come.  It  would  be  an  eminently  suitable 
and  public-spnited  way  for  anyone  who  has 
made  or  inherited  his  money  from  South 
Africa  to  show  recognition  of  his  good  for- 
tune, while  at  the  same  time  feeling  assured 
that  his  generosity  was  going  to  be  both 
really  a  blessing  to  and  truly  appreciated 
by  a  large  number  of  less  fortunate  people, 
without  in  any  way  introducing  a  danger  of 
pauperising  the  recipients. 

(5)  .4  combination  of  sums  raised  by 
the  societies  and  a  donation  by  a  wealthy 
individual.  This  would  be  the  best  solu- 
tion of  the  question,  and  it  is  suggested  to 
South  Africa's  few  really  rich  men  that  a 
fair  and  wise  basis  would  be  the  promise  b.v 
one  of  them  of  a  gift  of  £10  for  each  £1 
raised  by  the  societies  themselves  for  this 
purpose,  up  to,  say,  a  total  donation  of 
£100.000  (one  hundred  thousand  pounds). 

It  may  not  be  generally  recognised  that 
there  are  relatively  few  really  wealthy  men 
connected  with  South  Africa  who  could 
afford  to  give  a  donation  of  £100,000  to  such 
an  object,  but  there  are  a  few   who    could 
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properly  irfforJ  it,  and  it  should  really  only 
need  the  placing  of  such  an  opportunity  in 
its  true  hght  before  one  or  other  of  these  for 
the  chance  to  be  accepted.  The  oppor- 
tunity of  being  remembered  by  one's  name 
in  such  an  institution  as  is  here  proposed 
does  not  recur  often.  If  the  opportunity 
were  offered  in  the  States,  one  can  imagine 
but  small  delay  between  its  being  made  and 
its  being  taken  advantage  of. 
The  blanks  in  the  title, 

The Institution  of 

Technical  and  Scientific  Societies  of 
South  Africa, 
should  form  a  tahsman  with  which  to  con- 
jure; fill  them  up  as  you  think  right  and 
make  an  appeal  to  the  man  selected,  and  it 
is  hard  to  believe  that  the  Eand  would  be 
tlisappointed. 

It  must,  however,  be  recognised  that  a 
donor  as  here  suggested  could  correctly  lay 
down  his  own  conditions  and  that,  after  dis- 
cussion and  acceptance,  it  would  be  up  to 
all  the  participating  societies  to  make  the 
fullest  and  greatest  success  of  the  great 
opportunity  given. 

Probable  Cost  of  Institute. 
As  regards  the  cost  of  the  project,  it  is 
impossible  now  to  say  just  how  much  it 
would  be  necessary  to  have  in  hand  to  ensure 
success.  It  would,  of  course,  be  possible 
to  make  almost  any  reasonable  sum  supply 
accommodation  to  a  certain  extent,  but  the 
true  scheme  to  work  for  to  ensure  the  per- 
manent success  of  the  project  would  work 
out  something  like  the  following:  — 
Estimated  Funds  Required. 

(a)  Ground  varying  from  £10,000 

to    £30,000  according  to 

locality,   say        ...         ...       £15,000 

(b)  Building,    basement,    ground 

floor    and    four    storeys, 

say  \..  50,000 

(c)  P'umishing,  'say        ...         ...  5,000 

(d)  Endowment     to     ensure     an 

income  of  £2,000  a  year 
to  meet  assessment, 
water,  light,  mainten- 
ance, etc.,  say 40,000 


Total  required,  say 


£110,000 


(a)  Suitable  groimd  in  the  neighbour- 
hood of  the  School  of  Mines  measuring,  say, 
100  X  150  to  100  X  200  feet  v/oidd  cost,  say, 
£10,000,  but  if  in  the  best  business  and 
social  centre  the  larger  figure  mentioned 
above  might  have  to  be  given.  An  allow- 
ance of,  say,  £15,000  would  be  reasonable, 
and  this  would  admit  of  the  selection  of  a 


good  and  convenient  site,  even  though  not 
in  a  picked  position. 

(b)  A  building  of  about  the  size  men- 
tioned, but  which  happened  to  have  been 
built  at  probably  the  best  time  for  building 
in  Johannesburg,  cost,  finished,  £41,000 
odd.  Even  if  our  scheme  took  a  year  to 
mature,  and  then  it  took  another  year  to 
build,  we  would  have  to  pay  higher  prices, 
and  it  would  be  wise  to  allow  the  full 
£50,000  mentioned. 

(c)  Furnishing  on  £5,000  would  not 
allow  anything  but  the  plainest  and  simplest 
of  good  South  African  made  furniture. 

(d)  It  will  be  allowed  that  an  endow- 
ment of  the  amount  mentioned  is  little 
enough  to  ensure  the  scheme  being  entirely 
self  supporting,  and  we  should,  on  a  scheme 
entailing  an  outlay  of  some  £70,000,  allow 
fully  £40,000  as  endowment.  With  an 
income  of,  say,  £2,000  per  annum  from  this 
sum  we  might  have  the  building  and  pro- 
perty truly  rent  and  cost  free,  and  could 
then  devote  the  whole  of  the  income  from 
membership  towards  the  supph-ing  of  advan- 
tages and  facilities  for  improvement  to 
our  members. 

Library. 
The  absohite  necessity  for  a  good  and 
useful  technical  and  scientific  library  in 
Johannesburg  will  be  allowed  by  all,  and 
such  library,  there  can  be  no  doubt,  could 
only  be  adequately  and  properly  housed  in 
such  an  Institute  as  here  outlined.  The 
Seymour  Memorial  Library,  now  in  the  care 
of  the  School  of  Mines,  is,  of  course,  the 
natural  nucleus  for  such  a  library,  and  it 
would  in  all  probability  gravitate  to  its 
natural  heme  as  soon  as  accommodation 
existed:  as  placed  at  present,  buried  away 
and  starved,  it  supplies  but  little  of  the  help 
which  its  founders  and  well-wishers  expected 
or  would  wish  it  to  give. 

Action  Eequired  by  Societies. 
If  the  societies  are  in  earnest    on    this 
subject,  they  should  immediately  agree  on 
three  courses  of  action,  and  put  them  into 
effect  without  delay:  — 

1.  To  pay  in  yearly  to  a  trust  fund  an 
agreed  upon  per  capita  sum  for  each  mem- 
ber, the  sum  so  raised  to  go  towards  the 
cost  of  the  joint  Institute  here  suggested. 
This  will  prove  the  societies'  bona-fides. 

2.  To  agree  to  loan  any  capital  sums 
owned  by  each  society  to  the  Institute,  at 
fair  interest,  to  aid  in  raising  the  societies' 
quota  of  capital. 

3.  To  appoint  a  joint  committee  fully 
representative   of  all  participating   societies 
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to  organise  the  jji'oposition  witli  orders  not 
to  tlesist  troni  its  labours  until  it  has  brought 
the  matter  to  a  suceesst'ul  issue,  even  if  it 
should  have  to  aj)peal.  after  refusal  by  South 
Afrieiins,  to  a  wider  field  of  givers. 

It  aetion  were  taken  on  broad  lines  and 
whole-heartt'dly  by  the  soeieties  as  here  sug- 
gested, this  committee  could  with  confidence 
approach  the  right  people  and  ensure  that 
the  ease  for  the  societies  was  put  before  one 
or  more  of  the  few  possibli-  people  who  arc- 
in  a  position  to  help  them;  but,  unless 
action  is  taken  whole-heartedly  and  keen- 
ness and  sacrifice  is  shown  by  the  societ'e«v 
themselves,  it  would  not  be  i-easonable  to 
expect  assistance  in  any  such  project  on  the 
part  of  any  person,  iiowt  ver  pulilic  spirited 
or  wishful  of  doing  the  right  thing. 

Pkevious  Joixt  Actigx. 

It  will  be  within  the  recollection  of 
members  that  joint  action  by  societies  has 
been  taken  en  more  than  one  occasion  on 
the  Eand,  and  always  with  conspicuous 
success :  it  is  only  necessary  to  refer  to  the 
unanimous  agreement  at  the  meeting  of  all 
societies,  called  at  the  instance  of  the  South 
African  Association  for  the  Advancement  of 
Science,  on  the  subject  of  the  desirability 
of  the  metric  system  and  decimal  coinage ; 
and  of  another,  called  at  the  instance  of  the 
South  African  Institution  of  Engineers,  on 
the  subject  of  the  necessity  for  the  develop- 
ment of  industries  in  South  Africa,  for  mem- 
bers to  recognise  the  advantage  of  such  joint 
action:  a  joint  meeting  of  more  than  one 
society  has  also  been  held,  with  advantage. 
It  must,  however,  be  remembered  that  such 
joint  action  is  the  exception  and  not  the 
rule,  and  that  numerous  occasions  when 
joint  action  would  have  been  advantageous, 
have  been  missed  owing  to  the  inertia 
necessary  to  be  overcome  before  it  could  be 
brought  about.  Any  decisions  which  make 
such  joint  action  more  possible  and  more 
weighty  in  the  future  are  to  be  encouraged 
by  all  possible  means. 

First    Doxatiox. 

It  will  be  gratifying  to  members  to 
know  that  a  personal  promise  of  £100  has 
already  been  made  towards  this  object  by 
the  Presielent  of  one  of  the  interested 
societies,  and  it  is  quite  probable  that  more 
su-h  cffers  may  be  made  by  individual  mem- 
bers of  societies  as  soon  as  it  is  generally 
felt  that  the  matt-^r  has  been  seriously  taken 
up  and  is  not  to  be  allowed  to  lag. 
Procedure    Proposep. 

It  is  now  proposed  that  this  paper  and 
the  same  set  oi  resolutions  shall  be  read  and 


proposed  at  a  meeting  of  the  members  of 
each  participating  society,  to  be  held  about 
the  same  time,  so  that  the  motion  may  bt- 
fully  discussed  by  all  those  interesteil  and 
the  scheme,  modified  as  may  appear  desir- 
able as  the  result  of  such  discussion,  become 
the  goal  and  ambition  of  each  society  and 
of  each  member  of  each  society. 

Before  it  is  discussed,  however,  it  would 
be  well  to  again  draw  attention  to  the  palp- 
abb;  danger  of  such  ii  scheme  as  is  here 
proposed  being  wrecked  on  details  and  non- 
essentials if  discussions  are  allowed  to 
revolve  around  these,  even  though  agree- 
ment may  be  general  on  the  main  point  of 
closer  working  and  joint  housing.  If  you 
are  agreed  on  the  main  principle,  let  the 
general  joint  committee,  on  which  each 
society  will  be  represented,  thrash  out  the 
details  as  far  as  these  are  necessary  so  early 
in  the  movement ;  trust  your  representatives 
and  give  them  a  general  mandate  to  go  for- 
ward and  not  cease  their  efforts  until  these 
are  crowned  with  success. 

P.VRTiciPATixr,  Societies. 
The  societies  which,  in  the  first 
instance,  are  being  asked  to  become  par- 
ticipating societies,  in  addition  to  the  three 
societies  who  have  taken  the  lead,  namely, 
South  African  Institution  of  Engineers  (o01> 
members),  Chemical,  Metallurgical  and 
Mining  Society  of  South  Africa  (7r>0  mem- 
bers), and  South  African  Institute  of  Elec- 
trical Engineers  (320  members),  are  the 
following :  — 

,  Membership. 

Association  of  Transvaal  Architects  148 
Institute    of    Land    Surveyors    of    the 

Transvaal     ...          ...          ...          ...  ir)3 

S.A.        A'-sociation        of        Analytical 

Chemists      ...         ...          ...          ...  78 

Geographical  Society  of  South    Africa  146 

(Geological  Society  of  South  Africa  ...  121 
S.A.  Association  for  the  Advan>  .in,  nt 

of  Science   ...          ...  810 

Astronomical  Society    ...          ...          ...  120 

S.A.  Societv  of  Civil  Engineers          ...  202 

Pioyal  Society  of  South  Africa  ...  223 
Institution  of  Mining  and  Metallurgy 

(Local  Branch)       ...         ...         ...  175 


Total     membership,     including     three 

societies  previously  mentioned  ...  3.860 

It  is  of  course  probable  that  other  socie- 
ties may  wish  to  join  up  and  be  accepted  as 
soon  as  the  matter  becomes  generally  talked 
about,  but  this  matter  can  be  left  to  the 
future  to  decide. 

The  principle    which    has    guided    the 
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committee  responsible  for  the  selection  of 
invitations  to  participating  societies  is  that 
they  shall  be  either  truly  technical  (in  the 
ordinary  application  of  the  word)  or  truly 
scientitic,  and  such  as  can  in  no  way  be 
called  a  trades  union  of  professional  men. 

I.MrOUTANCE  OF   DEFINITE  ACTION. 

The  recommendation  has  been  made  in 
this  paper  that  each  society  should  at  once 
become  responsible  for  the  collection  and 
payment  into  a  common  Technical  and 
{Scientific  Societies  Institute  Fund  a  fixed 
sum  annually,  preferably  on  a  per  capita 
basis,  as  donation  to  the  Fund,  and  as  an 
indication  of  the  boua  fides  of  their  intention 
to  jjarticipate  in  and  secure  a  joint  housing 
scheme,  when  this  can  be  In-buglit  to 
fruition. 

It  is  of  importance  that  this  should  be 
done,  as  without  some  such  action  it  would 
be  impossible  to  prove  conclusively  to  a 
possible  donor  that  the  societies  really  de- 
sii'ed  such  a  joint  home  and  were  pledged  to 
its  completion. 

In  collecting  the  nucleus  of  such  a 
fund,  it  would  be  well  to  agree  that  pay- 
ments towards  this  be  a  charge  on 
the  members  of  societies  themselves, 
either  as  an  assessment  or  by  volun- 
tary contributions,  and  not  as  the 
result  of  canvass  of  outside  persons  and 
firms :  this  latter  source  of  funds  would 
more  correctly  be  tapped  at  a  later  date, 
and  then  only  as  the  residt  of  a  general  cam- 
paign on  behalf  of  all  the  participating 
societies. 

I  have  pleasure  in  formally  moving  the 
following  resolutions:  — 

Resolved  that  this  Society:  — 

1.  Is  desii'ous  of  securing  in  Johannes- 
burg a  joint  house  with  such  other  technical 
and  scientific  societies  as  have  an 
appreciable  proportion  of  their  members 
resident  on  the  Eand. 

2.  Agrees  to  pay  in  an  annual  sum, 
either  based  on  a  per  capita  or  other  scale  to 
be  agreed,  to  a  Trust  Fund,  the  money  so 
raised  to  go  towards  the  cost  of  providing 
such  joint  institute. 

3.  Further  undertakes,  if  legally 
possible,  to  loan  at  interest  any  capital  sums 
which  it  is,  or  may  become  possessed  of  from 
time  to  time,  to  such  joint  institute  for  its 
legitimate  purposes. 

4.  Hereby  appoints  two  members  with 
power  to  act  in  conjunction  with  representa- 
tives of  other  participating  societies  as  a 
joint  committee  towards  the  desired  end; 
including   appealing   for   funds,    drafting    a 


constitution,  fixing  the  basis  of  contribu- 
tions, and,  if  these  are  approved  by  individual 
societies,  securing  land  and  buildings  for 
permanent  or  temporary  quarters  and 
generally  to  be  responsible  for  the  bringing 
to  fruition  of  the  scheme  for  the  joint 
housing  of  technical  and  scientific  societies 
on  the  Rand. 

5.  Agrees  that  the  joint  committee  shall 
be  empowered  to  receive  and  deal  with 
suggestions  put  forward  by  any  of  the  par- 
ticipating scientific  and  technical  societies 
through  their  nominated  representatives. 

6.  Agrees  to  the  inclusion  of  the  follow- 
ing societies,  or  so  many  of  them  as  may 
jointly  or  severally  agree  to  take  part  in  the 
scheme  as  participating  societies,   namely: 

S.A.  Institution  of  Engineers, 
Chemical,     Metallurgical    and     Mining 

Society. 
S.A.   Institute  of  Electrical  Engineers, 
Association  of  Transvaal  Architects. 
Institute     of     Land     Surveyors   of    the 

Transvaal, 
S.A.  Association  of  Analytical  Chemists. 
Geographical  Society  of  South  Africa, 
Geological  Society  of  South  Africa. 
S.A.   Association  for  the  Advancement 

of  Science, 
Astronomical  Society, 
S.A.   Society  of  Civil  Engineers, 
Royal  Society  of  South  Africa. 
Institution   of    ^Mining    and    Metallurgy 

(Local  Branch). 

Appendix  I. — Extract  from  Presidential 
Address  of  Sir  Robert  Hadfield  to  the 
Society  of  British  Gas  Industries, 
April,  1918. 

new  buildings  and  libltary,  to  meet  the 
modern  requirements  of  british  tech- 
NICAL societies. 

The  writer's  presidential  work  dvu'ing 
the  last  four  years  in  connection  with  the 
Faraday  Society  has  brought  him  in  touch 
with  the  needs  of  the  many  useful  societies 
of  smaller  nature,  and  he  has  been  much 
struck  with  the  serious  lack  of  facilities  and 
convenience  for  carrying  on  their  work.  The 
societies  mentioned  below  have  literally  no 
home  or  resting-place.  A  man  without  a 
home  cannot  be  expected  to  accomplish  as 
much  as  if  comfortably  housed. 

Moreover,  this  serious  drawback  exists 
to  a  great  extent  not  only  as  regards  the 
minor  societies — that  is,  minor  in  member- 
ship— but  also  applies  to  some  of  the  major 
societies;  for  example,  the  Iron  and  Steel 
Institute,    with   some   2,000   members;    the 
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Institution  i>l  .Mining  niul  .M<tallni-,:,'v,  "J,]!)!) 
lut-'nihers ;  tliu  Instilutu  ol'  Mutuls,  nearly 
1,IK)0  niunibt'is;  the  Institute  of  Mining 
Engineers,  12. *.)()()  inemijers;  the  Society  of 
rheniieul  Industry,  4,700  nienil)ers;  and  our 
iwn  various  Gns  Institutes  and  Associa- 
tions. Tliere  are  also,  amongst  others,  the 
Faraday,  riiysical,  Kontgen,  Optical,  and 
Illuminating  Engineers'  Societies.  Although 
t!ie  various  societies  mentioned  have  offices, 
these  cannot  be  called  "homes,"  and  are 
totally  iuadequate  to  the  crying  needs  of 
such  important  organisations.  The  best  use 
-of  scientific  knowledge  and  its  application 
to  industrial  and  connnercial  needs  cannot 
be  made  unless  there  also  exists  the  neces- 
sary facilities  for  holding  general  and 
connnittee  meetings,  with  library  accom- 
modation and  other  conveniences. 

These  conclusions  were  specially  brought 
home  to  the  writer  in  the  year  1907,  when, 
as  president  of  the  Iron  and  Steel  Institute, 
he  attended  on  its  behalf  in  New  York  on 
April  Kith,  1907,  the  opening  ceremony  of 
that  wonderful  structure  known  as  the 
Engineering  Societies  Building,  Thirty- 
eighth  Street,  New  York,  \\hich  is  now  the 
chief  centre  of  the  great  and  small  technical 
societies  of  the  great  Republic.  He  was 
intensely  impressed  with  this  important 
development — one  well  worthy  of  America 
and  her  progressive  policy — and  begged  in 
our  time  of  peace  that  efforts  of  similar 
character  should  be  made.  It  was  not,  how- 
ever, found  possible  to  rouse  the  necessary 
interest  and  the  opportunity  slipped  away. 
This  noble  building  with  all  its  wonder- 
ful conveniences,  was  made  possible  in  the 
first  instance  by  the  munificence  of  ]Mr. 
Andrew  Carnegie,  and  represents  one  of  the 
best  of  his  many  generous  deeds.  He 
vested  in  a  board  of  trustees,  "  The  Engi- 
neering Societies'  Building,"  the  magnifi- 
cent sum  of  £300,000  upon  the  condition 
that  the  societies  concei-ned,  namely,  the 
American  Institute  of  Mining  Engineer's,  the 
American  Society  of  Alechanical  Engineers, 
the  American  Institute  of  Electrical  Engi- 
neers, also  raised  a  further  sum  of  t'lOO.oilO 
for  the  bnilding  itself,  which  they  did.  The 
building  has  already  been  fount!  too  small, 
and  has  been  enlarged  by  the  addition  of 
another  floor.  The  total  height  is  now 
nearly  300  feet,  and  there  is  now  also 
housed  in  it  the  American  Society  of  Civil 
Engineers,  which  has  joined  the  wise  scheme 
of  co-ordination.  This  important  society, 
Avhilst  not  taking  pai*t  in  the  original  move- 
•ment,   has  found   that  it   is   greatly  to  its 


advantage  to  do  so  now  in  order  to  obtain 
tlio  advantages  of  one  connnon  centre  for 
its  meetings,  reading  of  papers,  anil  otiier 
business.  Thi-re  is  also  housed  in  the  build- 
ing the  following  major  and  minor  societies, 
some  t\v<'nty-four  in  all:  — 

Maj(jr  Societies 4     Electrical   4 

Minor  Societies 3     Gas 2 

Engineering,  General  3     Electrical  4  Gas  3 

Automobile 1     General 2 

Aero 3 

Another  im))ortant  advantage  springing 
out  of  this  technical  co-ordination  is  the  fact 
that  one  library  common  to  all  the  societies 
is  ma<le  available  for  scientific  and  technical 
literature,  now  comjjrising  as  regards  the 
library  no  less  than  I'lO.OOO  different  books. 

Alongside  this  Ijuilding,  and  directly 
connected  with  it,  is  the  Engineers'  Club, 
with  a  large  number  of  members,  so  that, 
whether  local  or  from  a  distance,  they  are 
able  to  find  accommodation  and  meet 
together  in  common  fellowship — an 
impoitant  side  of  technical  and  Ijusiness  life. 

It  is  strange  that  in  this  country  the 
technical  man  has  no  such  home  and  clul) 
— a  deficiency  which  ought  to  be  remedied, 
and  that  soon. 

To  sum  up,  it  must  be  admitted  that 
unless  the  technical  societies  in  this  country 
obtain,  and  that  soon,  siinilar  accommoda- 
tion, they  cannot  in  the  long  run  expect  to 
compete  in  the  world's  struggle  as  compared 
with  the  admirable  centralisation  possessed 
by  our  American  cousins. 

It  may  be  mentioned  that  the  German 
Iron  and  Steel  Institute,  the  Eisenhutten- 
leute,  is  excellently  housed  in  Dusseldorf, 
also  well  provided  with  a  splendid  library 
and  other  accommodation. 

Out  of  such  an  arrangement  as  is  now 
outlined  for  those  in  this  country  would 
spring  many  advantages,  such  as  better 
co-ordination  of  work  done,  avoiding  over- 
lapping of  papere  or  these  getting  before  the 
wrong  society,  saving  of  much  valuable  time 
and  energy,  including  the  prevention  of 
overlapping  as  regards  times  of  meetings, 
and  many  other  advantages.  The  writer 
had  a  recent  case  in  his  own  experience 
when  he  had  no  less  than  eight  meetings  of 
different  societies  fixed  for  the  same  day 
between  2.30  and  5  p.rii.  Even  if  it  had 
been  possii)le  to  attend  more  than  two  of 
the  meetings,  the  time  lost  in  reaching  the 
different  places  would  have  been  a  serious 
bar  to  getting  through  the  work.  With  a 
common  meeting-place  for  our  technical 
societies,    as   in   New   Y'ork,   much   of   this 
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overlapping     and     interference     would     be 
avoided. 

Will  this  country  rise  to  the  urgent 
need  of  the  erection  of  a  new  building 
worthy  of  its  great  technical  societies  who 
have  "done  so  much  for  the  Empire? 
Further,  in  the  scheme  should  also  be 
included  a  library  adequately  equipped  with 
the  tens  of  thousands  of  volumes  and  papers 
now  constantly  required  for  reference  by 
those  interested  in  technical  development. 

Appendix    II. — Notes    ox    the    American 

EXGINEERIXG    SOCIETIES'    BuiLDING,    FROM 
THEIR    H.\XDB00K. 

The  Engineering  Societies'  Building  is 
now  the  headquarters  of  the  American  Insti- 
tute of  Electrical  Engineers,  the  American 
Institute  of  ^Mining  Engineers,  the  Ameri- 
can Society  of  ^Mechanical  Engineers — the 
three  national  societies  known  as  the 
Founder  Societies — and  a  score  of  other 
kindred  engineering  and  scientific  organisa- 
tions. It  is  owned  jointly  by  the  three 
Founder  Societies,  and  its  erection,  and  that 
of  the  Engineers'  Club  adjacent,  was  made 
possible  through  the  genei'osity  of  Mr. 
Andrew  Carnegie,  who,  in  1903,  contributed 
1,500,000  dollars  for  the  purpose.  The 
three  societies  and  the  club  purchased  the 
land  on  which  the  respective  buildings 
stand.  The  Engineering  Societies'  Building 
was  completed  and  opened  in  1907.  It  is 
thirteen  and  one-half  storeys  high,  has  a 
frontage  of  115  feet  on  39th  Street,  New 
York,  and  a  depth  of  90  feet. 

On  the  first  floor  is  the  ladies'  recep- 
tion room,  a  committee  room,  office  of  the 
superintendent  of  the  building  and  tele- 
phone central.  The  latter  contains  four 
booths  and  the  private  exchange  for  the 
entire  building.  On  the  mezzanine  floor 
below  the  first  floor  are  several  dressing 
booths  and  lavatories  for  the  convenience  of 
members. 

On  the  second  floor  is  the  coat  room, 
arranged  on  the  sectional  plan  sO'  that 
several  lines  of  persons  may  be  accom- 
modated at  once,  and  permitting  those 
attending  meetings  to  check  hats,  coats, 
uml)rel]as,  packages,  etc.,  and  go  to  the 
meetings  unencumbered.  The  main  audi- 
torium extends  up  through  the  third  and 
fourth  floors  and  scats  about  1,000.  On  the 
fifth  floor  are  two  large  lecture  halls;  on  the 
sixth  floor,  a  lecture  hall  and  society  offices: 
on  the  seventh  and  eighth  floors,  the  head- 
quarters of  associated  societies :  on  the  ninth 
floor,    the    headquarters    of    the    American 


Institute  of  ]\iining  Engineers;  on  the  tenth 
floor,  the  headquarters  of  the  American 
Institute  of  Electrical  Engineers;  on  the 
eleventh  floor,  the  headquarters  of  the 
American  Society  of  Mechanical  Engineers. 
The  twelfth  floor  is  used  as  a  stack  room 
for  the  library  and  also  contains  a  small 
meeting  room.  The  library  proper  occupies 
the  thirteenth  floor. 

On  the  fifth  floor  are  assembly  room 
No  1  seating  500,  assembly  room  No.  2  seat- 
ing 250,  and  assembly  room  No.  3  seating 
100.  On  the  sixth  floor  is  assembly  room  No. 
5  seating  150.  These  rooms  are  each  fitted 
with  a  stage  and  lantern.  The  lighting 
S3"steiTi  is  of  the  indirect  type,  the  lamps 
being  entirely  concealed  and  the  light 
reflected  from  the  ceiling. 

Free  Technical  Library. 
The  crowning  feature  in  the  plan  of  the 
building  is  the  reservation  of  the  twelfth 
and  thirteenth  floors  for  the  libraries  of  the 
three  Founder  Societies.  The  Founder 
Societies  entertain  the  ambition  to  create 
and  maintain  the  finest  collection  of 
engineering  literature  in  the  world,  supple- 
mented by  the  current  periodicals,  and  the 
patents  relating  to  inventions  in  the  arts  and 
sciences.  There  are  working  alcoves  for 
research  accommodation  and  special  provi- 
sion is  made  for  searches  by  the  library 
staff,  for  translating,  photographic  reproduc- 
tion, drawing  and  similar  library  work.  The 
library  contains  65,000  volumes  and  receives 
regularly  1,000  periodicals. 

The  floor  below  the  library  proper  is 
devoted  to  the  book  stacks.  It  is  fully 
equipped  with  steel  stacks  of  the  most 
modern  type.  One  room  on  this  floor  is  at 
present  reseiwed  for  meeting  purposes. 
Appendix  III. — Joint  Housing  of  Metal- 
lurgical AND  ]\IiNiNG  Societies. 

At  a  recent  ixieeting  of  the  Iron  and 
Steel  Institute,  reference  was  made  to  the 
proposal  to  secure  a  joint  building  for  the 
housing  of  our  four  great  metallurgical  and 
mining  societies,  namely,  the  Iron  and  Steel 
Institute,  Institution  of  IVIining  Engineers. 
Institution  of  Mining  and  Metallurgy,  and 
Institute  of  Metals.  At  present,  three  of 
these  Societies  have  suites  of  rooms  in 
Westminister,  whilst  the  Institution  of 
Mining  and  Metallurgy  occupies  its  own 
premises  in  the  City.  A  preliminary  meet- 
ing of  representatives  of  these  societies  will 
'>e  held  shortly,  and,  if  the  main  principles 
of  the  scheme  can  be  agreed  to,  definite 
proposals  will  be  submitted  to  the  Councils 
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of  the  respective  societies.  It  is  not  |,i  < 
posed  tlmt  the  societies  should  sink  their 
identity  in  an  amulganiation  of  mining  and 
inetalhir>,'ical  societies,  as  has  been 
€Uggestt'il  by  Prof.  Armstrong  for  the 
ohemical  societies  of  the  country;  but  it  is 
reaHsed  that  the  centrahsation  of  the  8,000 
membt-rs  of  the  societies  in  question,  under 
a  common  roof,  with  suitable  meeting 
rooms  and  adequate  library  accommodation, 
would  l>e  to  the  advantage  of  all. 

Quite  recently  the  American  Society  of 
<rivil  Engineers  has  decided  to  join  the  other 
American  societies  in  their  building,  and 
three  further  stories  are  being  added  for  their 
Accommodation.  When  completed,  the 
building  will  house  institutions  having  a 
combined  membership  of  26,000,  with  a 
library  containing  70,000  books  and  CHD.OOO 
pamphlets. 

Another  instance  of  the  successful 
housing  under  one  roof  of  societies  having 
allied  interests  is  to  be  found  in  the 
Chemists'  Club.  New  York,  where  the 
American  Chemical  Society,  the  American 
Electrochemical  Society,  and  the  New  York 
Section  of  the  Society  of  Chemical  Industry 
has  met  for  some  years  past  with  the  hap- 
piest results. 

(Extracts  from  Vol.  35.  No.  22  (page  1143 
et  scq.)  Journal  of  the  Society  of 
Chemical  Industry,  England.) 

Appendix   IV. EXCOURAGEMEXT   OF    SCIEXCE 

IX  (termaxv.  —  Germax  Uxiox  of  Tech- 

XICAL    AXD    SCIKXTIFIC    SOCIETIES. 

On  March  4th.  1917,  at  a  meeting  of 
The  Verein  Deutscher  Eisenhuttenleute 
^German  Iron  and  Steel  Institute),  held  at 
Diisseldorf,  Dr.  Fr.  Springorum  said  the 
war  had  intensified  the  need  for  closer  co- 
operation of  the  German  technical  societies. 
Preliminary  negotiations  had  therefore  led 
"to  a  coml)ination  of  such  societies,  and  the 
Terein  Deutscher  Eisenhuttenleute  had 
gladly  joined  such  Union  and  promised 
their  support. 

On  April  19th,  in  an  article  published  in 
s  German  newspaper,  it  was  stated  that  the 
managing  committee  of  the  Union  had 
decided  to  create  an  intermediary  agency 
between  the  technical  world  and  scientific 
institutions  for  the  carrying  out  of  scientific 
md  technical  research  work,  so  that  indus- 
try not  equipped  for  experimental  work. 
-  (ially  smaller  concerns,  might  be 
i'led  an  opportunity  of  having  problems 
-olved  through  the  aid  of  the  Union. 

In  November,  the  Union  held  its  first 


general  m 
ciation  <  : 
Imperial  ' 
cil  and   1 


rs.  at  \ 


It 


wa.s  • 
and   I 
ought     I' 
hitherto  ti 

The  managing  committee  of  the 
German  Union  of  Technical-scientif^'-  \--o. 
ciations  has  decirled  to  create,  at  i' 
a  department  which  is  to  act  as  im  ^.i;- 
mediary  between  the  technical  world  and 
the  scientific  insti*   *  f  the  Univer^i*    ~ 

and  the  technical  s  for  the  can- 

out  of  scientific-tcchnieui  res* 

The  German   Union  and   '  -   ■  -f 

the  scientific  institutions  hope  tliat  t  > 
agency  will  be  of  value  and  prove  \'r. 
useful  not  only  for  the  duration  of  the  war. 
but  also  in  the  subsequent  economic  life  of 
peace-time. 

The  German  Union  of  Technical-scif^n- 
tific  Societies,  which  has  recently  !.•  i; 
formed  by  the  combining  of  thirteen  n--'>- 
ciations  and  unions,  held  its  first  gen«  ral 
meeting  on  the  premises  of  the  A--  - 
of  German  Engineers  in  Somm 
where  the  chairman  said  that  their  oU/.l  t  v,  as 
to  establish  a  balance  between  science  and 
practice.  Many  a  technical  task  could  not 
be  carried  through  without  participation  and 
collaboration  of  several  branches  of  science ; 
the  metallurgist  required  the  co-operation 
of  the  technician,  the  architect  that  of  the 
engineer,  etc.  An  influence  was  also  to  be 
exerted  on  technical  instruction  and  educa- 
tion, and  towards  ensuring  that  the 
academically-trained  technician  should  be 
admitted  to  all  administrative  departments 
of  the  Federal  states.  The  technical  world 
ought  to  be  represented,  more  than  was 
hitherto  the  case,  in  the  legislative  bodies. 
The  Union  had  also  appUed  to  the  authori- 
ties with  a  view  to  being  con=i^lt'-*d  in  the 
preparatory  work  of  drafting  '  r 

enactments.     Unfortunately,  '  ^.'■ 

Imperial  Treasury  alone  had  avaiied  itself 
of  their  advice,  in  the  preparatory  work  for 
the  taxation  of  coal  and  sources  of  energy. 
Finally,  the  speaker  stated  that  a  desire 
had  been  expressed  that  an  Austrian  and 
Hungarian  section  should  be  attached  to 
the  Union,  as  to  which  resolutions  were 
still  to  be  passed. 
(Extracts   from    Bulletin   of   the   American 

Institute  of  Mining  Engineers — August, 

1918,  page  LI.,  et  seq.) 
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I  would  suggest  that  we  do  not  now 
move  these  resolutions  which  1  have  read 
or  vote  on  them  to-night,  because  obviously 
members  would  wish  to  read  this  paper  in 
the  Journal,  which  will  appear  before  the 
next  meeting;  but  that  rather  you  take 
the  discussion  and  those  resolutions  at  the 
next  meeting.  Also,  if  you  wish,  I  would 
be  quite  prepared  to  introduce  the  discus- 
sion at  the  next  meeting,  giving  the  reasons 
for  many  of  these  recommendations  which 
obviously  you  could  not  insert  in  a  paper 
such  as  this  (it  is  long  enough  now  as  it  is), 
but  there  will  be  many  explanations  that 
members  will  wish,  and  be  entitled  to, 
which  can  best  be  done  in  the  course  of 
discussion. 

The  President:  I  personally  am  fortunate 
enough  to  be  a  member  of  the  Sub-Com- 
mitt.ee  which  is  responsible  for  assisting 
Mr.  Cazalet  in  a  veiw  small  degree  in  com- 
piling his  paper.  Therefore,  my  modesty 
does  not  peniiit  me  to  praise  it  to  the 
extent  that  my  natural  inclination  and  good 
sense  would  prompt.  This  subject,  as 
you  know,  has  been  mooted  for  a  number 
of  years,  and  here  this  evening  we 
are  fortunate  enough  to  be  the  first  of 
the  Societies  to  have  the  iiiatter  placed 
before  it  in  a  concrete  foiTn.  Your  Council 
has  gone  very  closely  into  the  matter,  and 
attended  the  joint  meeting  that  took  place 
a  short  time  ago,  pledged  itself,  on  behalf 
of  your  Society,  to  further  this  movement. 
As  !Mr.  Cazalet  has  suggested  now,  I  do 
not  think  this  is  the  occasion  to  formally 
move  and  pass,  or  otherwise,  the  resolu- 
tions, because  the  membership  as  a  whole 
has  not  had  the  opportunity  of  fully  going 
into  the  matter;  but  the  paper  will  be 
printed  in  our  next  Journal,  and  will  be 
open  for  discussion  at  the  next  meeting,  as 
a  matter  of  fact,  it  is  at  the  moment. 

There  is  one  feature  of  it  that  perhaps 
Mr.  Cazalet  did  not  mention,  and  that  is, 
that  if  we  should  be  fortunate  enough  to 
bring  such  a  scheme  to  fruition,  the  streng- 
thening of  the  membership  would  be 
enoiTnous.  Any  societies  that  could  offer 
advantages  of  such  a  description  would  be 
able  to  pick  and  choose,  I  think,  their 
membership. 

I  will  leave  the  matter,  as  far  as  I  am 
concerned,  at  this  stage  and  ask  any  of  those 
present  here  to-night  if  they  have  any  com- 
ments or  suggestions  to  make  on  behalf  of 
the  Society,  or  their  own  personal  views, 
or   any    questions.     ^NFr.    Cazalet   has    been 


good  enough  to  come  hero  to-night  and  will 
answer  any  questions  that  are  asked,  and 
he  has  also  been  kind  enough  to  say  he 
will  be  present  at  the  next  meeting  to  can.'y 
out  the  same  policj'. 

Mr.  P.  Cazalet:  I  might  perhaps  add  to 
what  1  have  saitl.  that  obviously  the  whole 
thing  hangs  on  the  possibility  of  getting 
the  money.  Two  sources  are  suggested, 
which,  of  course,  are  not  final,  as  these 
would  have  to  be  decided  by  the  Joint  Com- 
mittee to  be  nominated,  including  your  two 
members.  The  one  source  is  the  Societies 
participating  themselves— that  is,  from  the 
members  of  those  Societies,  and  the  second 
from  a  donor  or  donors.  Now,  yovi  may 
ver^'  reasonably  say:  "What  are  the 
chances  of  our  getting  any  money  from 
a  donor  or  donors?"  I  cannot  tell  you  thatr 
nobody  can  ;  but  I  can  tell  you  that  if  you 
do  not  ask  you  are  never  likely  to  get  it; 
hut,  if  you  ask,  you  niay  I  There  are 
several  people  who  could  influence  such 
donors,  and,  I  may  add,  that  to  my  own 
knowledge  there  are  only  two  or  three  con- 
nected with  South  Africa  who  could  possibly 
afford  such  a  thing  as  is  here  suggested. 
Those  people  who  have  been  spoken  to 
about  it  say:  "  If  you  have  a  good  case, 
make  it  out,  and  put  it  before  the  right 
people,  and  at  least  give  them  the  oppor- 
tunity of  considering  it."  I  think  that  is 
about  as  good  a  lead  as  we  can  hope  to 
get ;  and  that  however  far-fetched  the  idea 
of  getting  money  from  such  persons  may 
appear  it  ought  not  to  weigh  with  us  in  our 
decision  as  to  making  the  attempt,  because 
I  do  feel  this,  that  if  we  fail  with  the  few  * 
South  African  people  who  might  be  able  to 
afford  it,  there  is  no  reason  in  the  least 
why  we  should  not  go  further;  and  I  think 
the  mere  fact  that  it  is  known  we  could 
and  should  go  further  and,  say,  apply  to 
Mr.  Carnegie  or  other  far-sighted  philan- 
trophists,  who  see  the  advantages  of  this 
kind  of  movement,  would  make  it  very 
difhcult  indeed  for  the  few  people  who  can 
put  down  this  money  to  refuse  when  they 
have  the  opportunity  put  before  them  in 
the  proper  way;  and  it  is  obviously  the  first 
business  of  this  Joint  Committee  to  make 
their  case  in  such  a  form  that  it  can  he 
laid  before  these  people,  and  so  give  them 
an  opportunity  of  saying   "yes"   or  "no. "^ 

Now,  there  is  one  other  point  that  the 
President  has  referred  to,  and,  of  course, 
it  is  so  obvious  that  it  does  not  appear  in 
the    paper;    that    is,    as    soon    as    you    giv& 
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members  a  really  ntlrac-tivc  ownership,  or 
really  attractive  conditions,  such  ns  no 
single  society  can  otTer  to-day,  your 
membership  is  going  to  increase  enor- 
mously, and  your  strength  is  going  to 
increase  enormously,  jointly  with  other 
societies;  my  view  is  that  the  mere  fact 
of  such  privileges  as  are  proposed  in  this 
scheme  being  laid  before  the  average  man 
who  is  not  a  member  of  any  technical 
society,  will  maJce  it  impossible  for  him  nob 
to  join  some  society  wliicli  can  help  him, 
and  the  effect  will  be  to  improve  his  status. 
and  that  of  the  societies.  Also,  I  think, 
we  must  recognise  this,  that  any  society 
which  deliberately  sets  out  to  remain  aloof 
from  such  a  scheme  as  this  will  bo  very 
sorry,  if  it  is  a  success,  because  obviously 
the}-  can  subsequently  onlj-  come  in  on  the 
terms  which  the  participating  societies  will 
be  prepared  to  lay  down ;  that  is  to  say, 
it  is  to  the  interests  of  all  societies  to  enter 
at  first,  and  make  a  real  attempt  at  the 
scheme  which  is  proposed,  provided,  of 
course,  they  feel  that  it  is  not  too  far 
drawn   and   impossible  of  success. 

Mr.  J.  Gray  fVirc-PicRidcnt):  I  tliink 
we  all  recognise  that  the  moving  spirit 
behind  the  scheme  is  Mr.  Cazalet,  and  I 
am  sure  we  are  greatlj^  indebted  to  him  for 
coming  here  this  evening  and  placing  the 
scheme  before  us.  We  recognise  our  obliga- 
tions to  the  other  members  of  the  Com- 
mittee, and  I  think,  if  they  have  the  same 
enthusiasm  as  ]\Ir.  Cazalet  has  shown,  that 
in  the  not  far  distant  future  we  will  have 
our  home. 

One  matter  I  would  like  to  refer  to,  as 
your  representative  on  the  Seymour 
Memorial  Library  Committee,  is  with  regard 
to  the  housing  of  that  libran^  in  the  future 
home  of  the  technical  societies.  It  has 
probably  been  noticed  that  a  list  of  missing 
books  has  been  published  in  the  last  two 
agendas.  I  have  always  strongly  objected 
to  the  books  being  taken  away  from  the 
library  as  I  consider  that  the  Seymour 
Memorial  Library  should  be  a  reference 
library :  under  present  conditions  it  is  not 
such.  and.  judging  by  the  number  of  books 
which  have  disappeared  from  the  shelves 
during  the  last  few  years,  I  think  that  the 
sooner  there  is  some  sort  of  home  for  the 
Seymour  Memorial  Library  the  better  it 
■will  be  for  those  who  desire  to  use  it  as 
a  reference  library. 

I  have  much  pleasin-e  in  proposing  a 
votf  of  thanks  to  Mr.  Cazalet. 


Mr.  T.  O.  Martyn  (Mruihcr):  If  I  may 
have  the  privilege;  ai  seconding  that  vote  of 
thanks,  1  think  thut  such  a  union  of  our 
Societies,  or  rather  the  joint  housing  of  our 
Societies,  would  certainly  be  very  a<lv«n- 
tagt'ous  indeed.  Just  to  mention  a  personal 
matter  that  woidd  never  have  occmn-d  if 
we  had  had  such  joint  housing  in  the  past. 
When  I  first  cami-  out  hcU'  I  joim-d  this 
Society  as  a  matt<^r  of  course,  and  as  it  is 
the  Chemical,  Metallurgical  and  Mining 
Society  of  South  Africa,  I  naturally  sup- 
posed that  I  should  here  meet  evenkone  who 
js  interfijsted  in  mining  engineering  and 
everything  of  the  kind.  After  a  bit.  I  wa.s 
rather  surprised  to  find  that  some  of  the 
leaders  of  our  industry,  e.g.,  our  consulting 
engineers  —  were  conspicuous  by  their 
absence.  Aftenvards,  I  found  there  was 
another  Society  to  which  these  consulting 
engineers  devoted  most  of  their  interest, 
and,  no  doubt,  some  of  us  would  have 
benefited  very  greatly  if  we  could  have  had 
the  opportunity  of  hearing  their  views  on 
the  papers  read  at  the  other  Society's  meet- 
ings, many  of  which  would  be  equally 
interesting  to  our  own  members.  Now, 
such  a  thing  as  I  have  mentioned  could 
not  happen  if  all  the  Societies  were  housed 
together ;  a  newcomer  would  know  there 
are  two,  three,  or  four  Societies,  and  would 
have  a  chance  of  joining  perhaps  a  couple 
of  them  if  he  wished  to  do  so.  and  of  meet- 
ing the  leaders  of  industry  in  a  friendly 
sort  of  way,  where  he  might  discuss  things 
with  them,  as  Mr.  Cazalet  has  said,  without 
feeling  that  they  were  condescending  to- 
wards him,  or  anything  of  that  kind;  he 
might  meet  everyone  connected  with  the 
industry,  and  so  have  a  wider  view  of  things 
than  has  been  pncsililo  up  to  the  present. 

Mr.  H.  A.  Wliite  (Vice-President): 
1  sliould  just  like  briefly  to  associate  myself 
with  the  cordial  approbation  with  which  the 
paper  we  have  heard  this  evening  has  been 
met.  One  of  the  reasons  in  the  past  which 
has  prevented  our  Society-  from  giving  all 
the  asistance  to  this  movement  which  it 
might  have  been  able  to  do  was  some  fear 
of  sinking  its  individuality.  I  think  that 
that  no  longer  is  a  live  motive ;  I  think  we 
are  all  agreed  that  we  can  still  maintain 
our  individuality  while  working  in  closer 
co-operation  with  kindred  societies  as  well 
as  we  could  if  we  remained  aloof ;  and  I 
think  that  the  advantages  to  be  gained  by 
closer  working  do  not  entail  deprivation  of 
freedom,   but  that  thev  do  involve  a  great 
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increase  of  strength.  I  think  that  is  the 
tendency  all  over  the  world  at  the  present 
time.  You  will  find  that  unions  are  arising 
and,  in  many  cases,  small  unions  are  aris- 
ing, which  could  do  much  better  for  them- 
selves and  much  better  for  their  members 
if  they  associated  themselves  with  larger 
organisations. 

I  should  just  like  briefly  to  remark  about 
the  Seymour  ^lemorial  Library  that  I  have 
been  associated  with  it  for  some  time  past, 
although  I  am  not  at  the  present  time 
your  representative  member  for  it;  I  think 
it  was  on  my  initiative  that  tliis  method  of 
lending  out  books,  to  which  !Mr.  Gray 
objects,  was  adopted.  I  do  not  beUeve  in 
that  institution  being  made  a  tomb,  and 
that  is  what  it  got  into  the  way  of  being. 


Those  books  are  of  some  use  on  the  shelves 
there,  but  they  are  of  much  more  use  in 
the  hands  of  readers.  If  those  renders  can- 
not spare  the  time  to  come  and  read  there 
— well,  if  the  mountain  cannot  go  to 
jNIahomet,  ^lahomet  must  go  to  the  moun- 
tain. 

The  President:     And  he  must   bring  the 

books  hack  '. 

Mr.  H.  Rose  Martin  (Member):  As  a 
member  who  has  resided  in  the  country-  for 
some  time,  I  should  like  to  mention,  from 
the  countrj'  members'  point  of  view,  not 
only  of  this  Society  but  of  others,  that  I 
think  that  in  the  country  especially  it  would 
be  greatW  appreciated,  especially  from  the 
social  side. 


NOTES   OX  DEFECTIVE   AIR   IX  DI  SUSED    EAISES    AXD    BACKSTOPES. 


By  C.   J.    Gray    (^^Nlember  of  Council). 


It  is  common  knowledge  that  owing  to 
possible  accumulation  of  carbon  dioxide  gas, 
precaution  should  be  taken  when  entering 
disused  winzes.  It  is  however,  not  gener- 
ally realised  that  apart  from  possible  occur- 
rence of  fire-damp  similar  precaution  is 
advisable  in  disused  raises  and  similar 
places  in  Witwatersrand  mines. 

My  attention  was  drawn  to  the  danger  by 
an  occurrence  at  the  Wolhuter  Gold  Aline 
where,  on  14th  January,  1918,  the  dea-d 
body  of  a  native  was  found  about  65  ft.  up 
a  raise.  He  had  been  missing  since  8th 
January,  and  was  supposed  to  have  deserted. 
It  is  surmised  that  he  went  up  the  raise  to 
hide  and  escape  work. 

The  raise  had  not  been  worked  within 
the  preceding  six  months.  It  went  up 
184  ft.  at  an  inclination  of  31°,  and  was 
about  4  ft.  wide  and  4  ft.  high.  It  was 
on  the  South  reef,  and  had  no  connection 
above  the  drive  from  which  it  started.  It 
had  been  put  up  by  a  hammer  drill. 

When  it  was  decided  to  search  the  raise 
it  was  found,  according  to  the  mine  overseer, 
that  about  1;")  or  20  ft.  up,  the  flame  of  an 
acetylene  lamp  fluctuated,  becoming  dull 
and  low,  then  "fissing"  up  and  then  again 
becoming  low.  An  attempt  to  light  a  candle 
failed  as  matches  flared  and  went  out.  A 
compressed  air  hose  was  then  taken  up, 
and  after  three  further  attempts  the  dead 
body  was  found.  It  was  face  downwards 
with  head  up  the  raise  and  arms  and  legs 
partly    extended.       A    candle    with    about 


1  in.  burnt  was  found  at  the  place.  The 
mine  overseer  felt  headache,  weakness  and 
giddiness,  as  a  result  of  his  experience,  but 
the  shift  boss  who  was  with  him  felt  no  ill 
effects  except  smarting  of  the  eyes. 

I  visited  the  raise  next  day.  Though  it 
had  been  blown  out  sufficienth"  to  allow  of 
the  bod 3'  being  removed  the  day  before,  the 
air  in  it  was  not  normal.  Using  Haldane's 
tube  for  flame  test  for  black-damp,  I  found 
the  reading  0"5%  outside  the  mouth  of  the 
raise,  and  that  going  up  the  raise  the  black- 
damp  percentage  increased  gradually  to  four 
and  then,  where  the  body  had  been,  sharply 
to  six.  A  few  feet  further  up  a  candle  just 
burnt  when  still,  but  went  out  when  moved. 
I  did  not  consider  it  advisable  to  go  further. 

A  sample  of  air  taken  where  the  body  was 
found  gave,  on  analvsis  bv  Dr.  James  Moir, 
16-4%  oxygen  and  6-60%  "'CO,. 

After  leaving  the  raise  I  had  a  slight 
headache  with  a  feeling  as  though  the 
crown  of  my  head  tended  to  lift,  but  it 
passed  away  very  quickh'.  On  my  way 
back  to  the  shaft  I  became  distinctly  con- 
scious of  my  ear  drums  though  they  hardly 
could  be  said  to  ache,  but  that  feeling  also 
went  after  a  few  minutes. 

The  cause  of  death  of  the  native  was  not 
discovered  in  the  post  mortem  examination 
owing  to  decomposition  of  the  bod}'  being 
advanced. 

On  the  24th  January,  ten  days  after  the 
body  was  found,  I  again  visited  the  mine. 
In  order  to  ascertain  wli ether  defective  air 
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was  peculiar  to  the  scene  of  the  death  I 
first  inspeL'ted  a  similar  raise  in  its  vicinity 
l)iit  in  the  Main  lieef  Leader.  That  raise 
had  been  out  of  use  for  about  six  months. 
I'sing  iialdane's  tube  I  obtained  the 
following  successive  readings:  — 

Black   Damp. 
Per  Cent. 

(a)  In  the  level  at  entrance  to  raise       TO 

(b)  About  20   ft.    up  ...  ...       l-7o 

(c)  Ab<Hit   42  ft.    u|)  ...  ...       2-5 

(d)  2-75 

(e)  On  a   fault  7')  ft.   up   ...  ...       4'7.') 

<f)  8-5 

(g)  10  ft.  from  the  end  of  the  raise     lO'O 
(h)  At  the  end  of  the  raise  135  ft.  up 

from    level  ...  ...     10-5 

The  raise  is  on  a  fault  from  (e)  to  (g). 
Careful  tests  with  the  taper  along  the  joint 
failed  to  give  any  sign  of  issue  of  gas.  In 
some  small  pockets  in  the  roof  near  (f) 
liowever,  the  taper  was  extinguished,  but 
those  pockets  which  were  due  to  in-egu- 
larity  in  the  breaking  of  the  stone,  showed 
no  cracks  in  the  quartzite.  Perhaps 
products  of  combustion  from  the  tapers 
helped  to  extinguish  it.  Near  the  end  of 
the  raise  I  found  that,  apart  from  those 
pockets,  the  taper  burned  most  brightly 
when  held  near  the  roof  or  near  the  floor, 
and  was  dullest  and  most  easily  extinguished 
by  motion  when  well  away  from  either. 

A  sample  of  air  taken  at  the  end  of  the 
raise  on  analysis  bv  Dr.  !Moir  gave  :  oxygen 
17-6-/  and  CO,  trace  (about  0-2;),  but  it 
was  remarked  that  "  the  stopper  of  the 
sample  was  not  quite  tight  and  no  pressure 
was  present  when  opened."  Dr.  ^loir 
found  that  a  taper  burnt  faiidy  well  in  the 
sample  with   about  half  liirht. 

After  leaving  the  ^lain  Reef  Leader  raise 
I  visited  the  South  Reef  raise  in  which  the 
death  had  occurred,  and  was  able  to  get  up 
15  or  20  ft.  above  where  the  bofly  was 
found,  before  my  candle  was  extinguished. 
There  the  candle  woidd  burn  near  the  roof 
or  floor  but  net  in  tlie  centre  of  the  raise. 
A  sample  of  air  was  taken  about  92  ft.  up 
the  raise  by  drawing  it  by  an  exhaust  pump 
through  a  tube  attached  to  a  pole.  After 
that  sample  had  been  taken  it  was  found 
impossible  to  light  candles  near  the  pump 
probably  because  of  the  bad  air  which  it 
had  drawni  down.  They  did  not  give  any 
sign  of  lighting  even  when  the  wick  was 
held  in  an  acetylene  lamp  flame.  As  in 
my  previous  expenence  I  got  a  heada^'he 
and  a  few  minutes  after  leaving  the  raise, 
a  feeling  of  consciousness  of  mv  ear  dnmis, 


iMii    tiKjsi-    syniptouis    Were    truiisieut    and 
had  gone  by  tiio  time  I  reached  the  surface. 
The  sample  taken   was  found   by  Dr.   Moir 
to  contain  oxygen   14.'{5  ',  and  CO^  0*.j5/ 
and  to  extinguish   ii  taper. 

On  Hth  February,  1918,  I  made  s<^)iiiewhat 
similar  investigations  in  two  disused  back 
or  overhand  stopes  without  through  veutilu- 
tioii  in  the  Nourse  mine. 

In  stope  20-2  W.   Sotith   reef  I  got  with 
Hahhtne's  tube  :  — 

iVr  cent. 
Black-damp   in  level     ...  ...         0 

20  ft.    up   stope  ...  U 

00  ft.    UJ)   stoj)e  ...  2i 

iieailings  of  2i%  continued  to  the  top 
of  the  stope  between  100  and  120  ft.  al)Ove 
tlu'   level. 

In  stope  20-3  \V.  South  reef,  my  observa- 
tions were  :  — 

Per  (.-nt. 
Black-damj)   in   level      ...  .  0 

20  ft.   up  stope  ...  1 

,,  00  ft.   up  stope  ...         3 

80  ft.   up.  at  bottom  of 

raise  ...  ...         7 

05   ft.    up.    in  raise      ...  7 

Mr.  Beaton,  the  manager,  scrambled  on 
to  the  top  of  the  raise,  140  ft.  above  the 
level,  and  got  a  reading  of  fi  "  at  the  top. 

A  death  under  circumstances  similar  to 
the  Wolhuter  case  occurred  in  May,  1017, 
in  the  Knights  Deep  G.M.  In  that  case 
the  dead  body  of  a  missing  native  could  not 
be  recovered  fi*om  a  small  disused  backstope 
only  50  ft.  above  the  level,  tiU  compressed 
air  pipes  had  been  installed  and  used. 

Mr.  E.  S.  Watson,  Assistant  Inspector 
of  Mines,  who  visited  the  place  eighteen 
days  after  the  body  was  removed,  found  that 
both  a  candle  and  an  acetylene  lamp  were 
extinguished  when  near  the  roof  of  the 
stope,  the  gas  hugging  the  hanging  wall. 
A  sample  of  the  gas  taken  througli  a  long 
tube  by  Mr.  C.  Y,.  Hutton.  Inspector  of 
Mines,  in  Jady.  1017.  when  the  stope  had 
stood  some  time  after  blowing  out,  gave 
on  analysis  by  Dr.  Moir:  Oxygen  13"  1%, 
CO,  0-55 '.  insoluble  80-35  .  The  insoluble 
gas  was  found  to  contract  bv  018%  on 
passing  over  a  hot  wire,  and  to  contain 
therefore  0-12%  hydrogen  or  006%  methane. 

From  the  foregoing  it  may  fairly  be  con- 
cluded that  frequently,  if  not  always,  the 
percentage  of  oxygen  in  disused  raises  and 
backstopes  falls  below  that  in  noniial  air, 
and  that  occasionally  it  becomes  so  low  that 
lights  will  not  bum  and,  in  extreme  cases, 
til  at  persons   cannot   live   in  these  places. 
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The  percentages  of  carbon  dioxide  shown 
by  the  analy.ses  are  too  low  for  air  partially 
deoxidisfd  by  breathing  or  b}'  lamps  or 
candles,  and  too  iiigh  for  air  deoxidised  by 
the  decomposition  of  iron  snlphides. 
Possibly  nitrogen  issues  from  the  rock  as 
it  has  occasionally  been  found  to  do  in  other 
parts  of  the  world.  The  Knights  Deep 
case  looks  as  though  it  would  fit  in  with 
that  idea  as  the  gas  soon  accumulated  after 
blowing  out,  and  was  not  well  diffused, 
and  as  there  was  a  dike  at  the  top  of  the 
stope. 

On  tlie  other  hand,  my  \\'olhiitn-  and 
Xourse  observations  though  not  conclu- 
sive are  decidedly  against  that  explana- 
tion. Another  possibility  is  that  decompos- 
ing pyritf  or  pynhotite  has  not  only  had 
deoxidising  effect  but,  by  action  of  the  acid 
formed,  lias  produced  carbon  dioxide  from 
carbonates  in  the  rock,  or  perhaps  indii'ectly 
from  lime  in  water  used  for  phthisis  preven- 
tion when  work  was  in  progress,  but  there 
again  I  find  the  possible  explanation  not 
quite  satisfactoiy.  As  there  was  no 
visible  sign  of  pyrite  decomposition  in 
the  Wolhuter  raises,  it  is  hard  to 
believe  that  it  was  going  on  at  a 
rate  sufficient  to  so  outweigh  the  tendency 
of  air  to  circulate  and  gases  to  diffuse,  that 
the  oxygen  percentages  fell  as  low  as  they 
did.  I  .must  therefore  leave  the  cause  of 
the  phenomenon  an  open  question,  which 
some  other  member  of  the  Society  may 
perhaps  have  the  opportunity  of  settling. 

Before  concluding,  I  wish  to  make  some 
reference  to  Haldane's  tube  or  flame  t^st 
apparatus,  which  is  not  nearly  so  well  known 
on  the  Rand  as  it  should  be.  Essentially  it 
is  nothing  more  than  a  piece  of  glass  tubing 
in  which  a  taper  is  burnt.  The  flame  of 
the  taper  pi-oduces  an  upward  draught, 
which  is  stronger  the  lower  the  taper  is 
held  in  the  tube,  and  which  tends  to  blow 
out  the  flame.  The  m.ore  deficient  in 
oxygen  the  air  is,  the  weaker  the  draught 
which  the  flame  will  stand,  and  the  higher 
up  the  tube  the  taper  must  be  held  to  keep 
it  alight. 

In  use,  the  tube  is  held  vertically,  a 
lighted  taper  is  pushed  weW  up,  and  then 
brought  down  gradually  and  the  graduation 
on  the  tube  at  which  the  light  goes  out  is 
noted. 

Those  graduations  ai-e  for  percentages  of 
black-damp  which  Dr.  Haldane  defines  as 
"  the  residual  gas  resulting  from  various 
oxidation  processes  in  mines  and  the 
surrounding      strata,"      and      which      "  as 


ordinarily  met  with  is  simply  nitrogen  mixed 
with  from  5  to  20/;  of  carbon  dioxide." 
M  file  oxygen  percentage  in  air  were  reduced 
to  2()'07  from  the  percentage,  20-98,  in 
pure    air,    the    percentage    of    l)lafk    damp 

would  be  100  (1-    oq-^q^V'^-^^  ^- 

Haldane's  tube  has  been  graduated  with 
black  damp,  produced  either  by  respira- 
tion or  by  allowing  gas  to  burn  in  a 
chamber,  in  an  atm.osphere  saturated  with 
moisture  at  about  64°  F.,  and  presum- 
ably at  slight  elevation  above  sea  level. 
Those  are  not  the  conditions  in  Witwaters- 
rand  mines,  but  I  have  found  that  at  a 
depth  of  2,000  or  3,000  ft.  in  down-cast  air 
the  taper  goes  out  at  the  zero  mark,  and 
that  in  comparative  tests  made  under  usual 
conditions  in  the  mines,  if  the  black-damp 
percentage  according  to  the  tube  is  divided 
by  five,  as  was,  I  believe,  first  suggested  by 
Dr.  ^Moir,  a  close  approximation  to  the 
carbon  dioxide  percentage  detemiined  by 
anah'sis  is  obtained. 

The  only  analysis  in  this  note  M'hich  is 
comparable  with  a  Haldane  tube  observation 
is  that  of  the  sample  taken  at  the  top  of 
the  Wolhuter  ^Main  Reef  Leader  raise,  the 
anah'sis  giving  oxygen  percentage  17'6,  and 
the  tube  black-damp  10"5.  Calculating 
from  the  oxvgen  percentage  black-damp 
should  be  15-8%. 

The  inconsistency  is  probably  due  to  the 
air  in  the  raise  not  being  oi'dinai'y  residual 
air  partially  deoxidised  by  combustion  or 
breathing.  That  such  is  the  explanation 
may  be  deduced  from  comparison  of  the 
analyst's  statement  that  a  taper  burnt 
fairly  well  in  the  sample  with  Dr.  Haldane's 
statements  that  a  taper  wlien  held  upright 
will  no  longer  bum  outside  the  tube  with 
less  than  18'2V  of  oxj-gen  or  13%  of  black- 
damp,  or  when  horizontal  with  less  than 
17'2%  oxygen  or  18/{  black  damp,  and  that 
both  moisture  and  carbon  dioxide  have  a 
somewhat  greater  effect  in  extingushing 
flame  or  diminishing  the  light  than  a  corre- 
sponding percentage  of  nitrogen  has.  Though 
under  the  particular  cii-cumstances  the  tube 
probably  did  not  give  a  correct  result,  it 
certainly-  gave  very  valuable  information 
with  regard  to  the  deterioration  of  the  air 
as  the  raise  was  ascended.  Apart  from  its 
convenience  in  use  it  gives  information 
which  goes  beyond  that  given  by  the  carbon 
dioxide  detennination  systematically  made 
on  the  Witwatersi-and.  In  considering  the 
adequacy  or  otherwise  of  ventilation  to  avoid 
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iinp.iiniu'nt  of  lienlth  ntul  fiuTj^'y,  wo  roquiro 
t<)  know  uliftlu'i-  or  not  suflicifnt  nxyp:on  is 
siipplii'd  to  tilt'  nii-n,  and  the  tul)';  show-^ 
wlu'tlier  or  not  tlicri'  is  (|c(icicniv  in  Hint 
rt'speet. 

'riiou<;h  till'  ol)S('r\  atioiis  ^'ivt'ii  m  liiis 
note  refer  only  to  <lisusetl  uorlcin^R,  it  can 
be  Jedueed  from  them,  especially  if  the 
cause  of  deoxidation  is  pyrite,  that  the  air 
may  be  seriously,  thou^'h  less  obviously, 
defi'etive  in  somt^  |)Uu'es  in  which  work  is 
in  pio<,M-ess.  The  observations  tlierefore 
emphasise'  the  need  tliat  mine  otiicials  be 
not  content  with  carbon  dioxide  analyses  and 
dust  determinations,  and  satisfy  themselves 
that  the  oxygen  siipjily  is  everywhere  sutti- 
cient. 

Dr.  L.  G,  Irvine  (Mmthen:  I  wish  to 
congratulate  tlie  autlior  on  his  having  been 
the  first  to  give  detailed  proof  in  this 
Society  of  the  fact  that  "black  damp"  does 
exist  on  the  Witwatersrand,  and  may  in 
exceptional  circumstances  be  a  som'ce  of 
danger.  In  1915  I  called  attention  to  the 
same  fact  myself  in  a  paper  on  "Accidents 
from  Poisonous  or  Asphyxiating  Gases  in 
Klines,"  read  before  the  local  branch  of  the 
British  ^Medical  Association.  I  may  quote 
here  the  account  of  an  accident  which 
happened  in  1918,  and  which  I  concluded 
then  could  be  due  to  no  other  cause  than 
black  damp.  Like  the  accident  which  Mr. 
Gray  has  described,  it  happened  \\\  a  dis- 
used back  stope.  I  ha\e  always  taken  a 
great  deal  of  interest  in  gassing  accidents  on 
the  Rand,  and  by  the  coui-tesy  of  the 
Government  Mining  Engineer  I  was  able 
to  go  through  the  reports  of  all  the 
fatal  gassing  accidents  which  had  occurred 
over  a  period  of  six  or  seven  years, 
I  fovmd  that  all  of  them  were  due 
to  the  fumes  of  explosives  and,  in  each 
case,  were  due  prcdomlnanthj  either  to 
carbon  monoxide  or  to  nitrous  fumes.  But 
I  always  realised  the  probability  that  in 
cases  occuiring  douni  winzes  there  was  a 
certain  amount  of  deficiency  of  oxygen  ;  and 
that  the  presence  of  carbon  dioxide  derived 
from  the  fumes  of  explosives  also  co-operated 
with  the  carbon  monoxide  in  producing 
symptoms.  But  I  never  found  any  case 
where  black  damp  in  itself  could  be  regarded 
as  the  cause  of  death,  until  later  on  amongst 
the  reports  I  read  the  following  case  which 
occurred  in  1913.  It  is  very  interesting,  and 
I  think  Mr.  Gray  may  be  interested  to  hear 
it.  This  account  of  the  accident  i.^  taken 
from  the  paper  I  referred  to:  — 


I'oi*onin(j   hy   Itliwh   J/itin/,. 

"5.(5.13.— A  native  wiMhiii)^  to  nliirk  IiIn  work 
ran  up  u  raise.  A  little  ht<j|)inj{  liud  Iteen  done 
fiKUi  the  raise  some  conKitloruliU'  time  before,  but 
siiiii-  then  the  pini  e  bad  lain  entirely  idle,  and  the 
inspector  stated  that  fumes  from  blaslin({  in  neigh- 
bouring workin^'.s  did  nut  tnuMi  the  foot  of  the 
raise.  'I'lie  plate  was  roughly  in  the  sha|)e  of  an 
inverted   bottle,  some  .00  ft.   in   vertical  lieight. 

"  The  native  waa  seen  at  !l  a.m.  and  mi«itcd 
at  1(»  a.m.  Another  native  then  went  up  after 
him  for  20  or  30  ft.,  but  his  lamp  was  e.xtin- 
Huished.  He  tame  down  and  recharged  it,  but  tm 
his  gning  up  again  it  was  onte  more  extinguished. 
He  went  l>ack  anrl  t-alletl  a  white  miner,  who  went 
up  the  raise  with  the  native,  taking  his  acetylene 
lamp.  This  also  went  out.  He  seni  the  native  for 
a  lighting  stick,  and  thev  returned  with  another 
miner.  The  latter's  at'etyiene  lamp  was  also  e.xtin- 
guishetl. 

"  The  first  miner  reached  the  boy.  and 
entleavoured  t<»  pull  him  out,  but  was  himself  over- 
come by  the  gas.  He  made  .tnother  attempt  to 
reach  him,  but  became  unconscious,  and  was  carried 
out  to  the  station,  where  he  revived.  A  shift  boss 
with  fresh  bf)ys  tiien  went  uj),  abfiut  I'J.l.i.  They 
reached  the  native,  who  was  dead,  and  brought 
him  out. 

"  This  is  not  the  account  of  an  ordinary  gassing 
accident.  Nf>  blasting  had  recently  taken  j)lace  in 
the  raise,  nor  was  tiie  place  e.xposed  to  vitiation 
from  this  cause.  There  are  two  imjxirtant  points 
to  be  noted.  First,  acetylene  lamps  were  repeatedly 
extinguished.  The  flame  of  a  candle  or  oil  lamp 
will  be  at  once  extinguished  if  the  oxygen  per- 
centage falls  to  16*^0.  and  at  a  rather  higher  point, 
say,  17"5°,,  more  or  less,  if  carbon  dioxide  is  present 
also.  But  the  flame  of  an  acetylene  lamp  is  much 
more  '  tenacious,'  and  is  not  extinguished  until  the 
oxygen  percentage  has  fallen  to  abcjut  10.  .Secf>ndly, 
the  white  miner  attempting  rescue  was  rendered 
unconscious  almost  inimfdititf'li/,  and  the  native 
died   within  a   short   (but   undefined)   time. 

"  These  facts  point  to  the  conclusion  that  oxygen 
deficiency  was  the  factor  which  produced  the  fatal 
results.  The  presence  of  a  large  amount  r)f  black 
damp  in  this  unventilated  bottle-shaped  working  is 
the  only  explar.ation  which  rea.eonably  fits  the 
circumstances.  Probably  the  black  damp  contained 
little  or  no  carbon  dioxide.  Dr.  .lames  Moir  informs 
me  that  carbonates  are  of  rare  occurrence  in  the 
mines  of  the  Rand,  and  that  any  black  damp  formed' 
would  commonly  be  due  to  the  oxidation  of  pyrites 
(particularly  pyrrhotite),  and  would  enn«iisr  pr«cti- 
cally  of  pure  nitrogen.  It  would  therefore  be 
lighter  than  air. 

"  Such  an  occurrence  is.  however,  exceptional, 
although  it  certainly  suggests  that,  in  'gassing' 
accidents  from  the  fumes  of  explosives,  some 
amount  of  black  damp  may  sometimes  be  present 
also,  when  the  working  has  lain  idle  for  more  than 
the   usual   periods." 

I  particularly  congratulate  the  author  on 
being  the  first  to  give  us  auahjsca  of  the 
air  in  those  places;  that  is  a  valuable  con- 
tribution to  the  subject,  which  has  not  be- 
fore been  done.  I  observe  that  the  amounts 
of  carbon  dioxide  present  in  the  air  in  these 
places  are  small,  and  I  fancy  that  Dr.  James 
Moir"s    idea    is    correct,    namelv.    that    the 
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black  damp  formed  was  practically  pure 
nitrogen,  aud  that  the  diminution  of  oxj'gen 
percentage  was  due  to  the  absorption  of 
oxygen  by  oxidation  of  pyrite.  Cousequenth- 
there  was  much  more  nitrogen  in  the  air 
than  nonnul  which  is  always  the  case  in 
black  damp,  of  which  by  far  the  larger  part 
always  consists  of  nitrogen.  It  was  not  a 
case  of  carbon  dioxide  poisoning  at  all, 
but  of  asphyxia  from  oxj'gen  deficiency, 
which  poisoning  by  black  damp  usually 
is.  Even  in  coal  mines  the  cause  of 
death  from  black  damp  poisoning  is 
almost  invariably  oxygen  deficiency.  It 
is  ver}'  rarely  that  there  is  sufficient  CO, 
in  black  damp  in  a  coal  mine  to.  be  the 
•cause  of  deatli.  CO,,  if  present  in  fair 
amounts  (say,  3 — 6%)  produces  symptoms 
of  breathlessness  and  panting,  which  give 
warning  of  bad  air;  but  CO,  is  very  rarely 
in  itself  the  cause  of  death.  How  far  Dr. 
^Moir's  idea  regarding  tlie  oxidation  of 
pyrite  is  a  complete  explanation  I  do  not 
Icnow.  That  is  a  question  for  further 
analysis  of  the  whole  circumstances  of  the 
case.  But  it  is  interesting  that  in  one  of 
the  author's  cases  in  which  the  flame  was 
extinguished  the  bad  air  hugged  the  hang- 
ing. This  would  suggest  that  it  was  prac- 
tically pure  nitrogen  which,  of  course,  is 
lighter  than  air. 

I  am  glad  to  have  had  this  confinxiation 
of  my  view  that  black  damp  may  be  present 
in  unventilated  workings  on  the  Eand, 
which,  as  I  say,  I  suggested  in  1915.  The 
symptoms  from  which  those  who  went  into 
the  bad  air  suffered  were  those  of  simple 
oxygen  deficiency.  Oxygen  deficiency,  if  a 
man  is  not  exerting  himself,  does  not  pro- 
duce marked  effects  until  it  falls  to  about 
10%.  The  oxygen  is  20-9%  in  normal  air. 
When  it  falls  to  about  12  or  10%,  it  produces 
■definite  symptoms.  It  produces  uncon- 
sciousness at  about  7  or  8%  ;  anything  below 
that  may  be  fatal. 

There  have  been  cases  where  adulteration 
of  the  air  by  fire  damp,  quite  apart  from 
black  damp,  has  produced  a  sufficient  degree 
of  o^^ygen  deficiency  to  be  fatal;  although 
"  methane  "  is  non-poisonous  and  simply 
acts  as  an  adulterant  of  the  normal  air. 
There  was  one  case  in  England  where  two 
men  were  rescued  alive  but  unconscious  by 
the  use  of  oxygen  breathing  appliances. 
They  had  been  in  an  atmosphere  lieavily 
vitiated  by  fire  damp.  I  tliink  myself  that 
the  cause  of  the  whole  trouble  refeired  to 
-was  the  oxygen  deficiency  in  the  air. 


Mr.  H.  A.  White  (Vice  -  Presidcni): 
I  should  just  like  briefly  to  remark  that 
pyrrhotite  is  somewhat  scarce  in  our  mines, 
and  the  oxidation  of  pyrite  alone  would 
probably  be  sufficient  to  cause  this  deficiency 
of  oxygen  which  has  been  referred  to  under, 
the  somewhat  unscientific  term  of  ■"  black 
damp."  I  do  not  tliink  black  damp  is  a 
word  that  should  be  used  in  gatherings  of 
this  nature  if  it  can  possibly  be  avoided  ;  it 
is  like  '■  mullock  "  and  "  muck  "  terms 
which  we  usually  throw  out  of  our  proceed- 
ings. 

Dr.  L.  G.  Irvine:  It  has  a  very  (It-finite 
meaning. 

Mr.  H.  A.  White:  Yes;  it  includes 
tleficiency  in  oxygen,  excessive  nitrogen, 
and  is  sometimes  used  as  a  synonym  for 
carbon  dioxide.  It  is  somewhat  vague.  In 
a  winze  8  ft.  x  6  ft.  and  100  ft.  deep,  200  lb., 
of  FeS,  could  remove  the  oxygen  present, 
and  a  la\'er  of  one-sixth  of  an  inch  of  rock 
on  the  walls  would  contain  about  that 
amount.  I  should  like  to  mention  also  the 
possibility  tliat  though  this  deficiency  in 
oxygen  was  caused  by  absorption  during 
decomposition  of  iron  pj'rite,  there  is  also 
a  possibility  that  there  might  be  traces  of 
sulphuretted  hydrogen  present,  and  I  think 
something  of  that  nature  might  be  called 
upon  to  explain  the  rapidity  of  the  death  in 
the  one  case  mentioned  by  Dr.  Irvine. 

Dr.  L.  G.  Irvine:  The  smell  of  sul- 
phuretted hydrogen  is  quite  distinctive. 

Mr.  T.  G.  Martyn  (Member):  I  think 
the  poisonous  character  of  sulphuretted 
hydrogen  is  somewhat  over-rated,  because 
one  gets  accustomed  to  smelling  it  with 
apparently  no  evil  effects  at  all.  I  feel 
f[uite  sure  it  would  take  a  very  heavy  dose 
to  poison  anj^one ;  but  I  was  very  much 
surprised  to  hear  Dr.  Irvine  when 
speaking  of  the  deficiency  of  oxygen,  say 
that  the  amount  of  oxygen  might  fall  to 
10%  before  becoming  dangerous.  My  recol- 
lection of  papers  I  have  read  on  the  subject 
is  that  when  one  gets  down  to  about  17% 
it  begins  to  be  dangerous,  and  when  it  gets 
down  to  15%  or  14%,  one  is  likely  to  be 
killed  by  it.  That  is,  I  think,  my  recol- 
lection of  papers  Dr.  Haldane  wrote  on  tlie 
subject.  There  is  a  possibility  in  my  mind 
that  the  gases  from  blasting  might  contain 
a  good  deal  of  nitric  oxide  (NjO,). 

Dr.  L.   G.  Irvine:     Tlu-y  do. 

Mr.  T.  G.  Martyn:  Well,  if  that  is  the 
case,      this      gas      would      greedily      absorb 
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oxygen,  and  might  easily  bo  the  cause 
of  the  (K'ticieney.  I  (|uitf  iigive  with 
Mr.  \\  liite's  ri'Uiaik  about.  "  bhick 
damp  "  bi'ing  rather  a  vague  term  to  use 
here.  It  is  so  customary,  I  suppose,  in 
colliery  districts,  that  it  lias  almost  become 
classical;  but  ^it  certainly  conveys  no 
meaning  to  us  who  are  not  acqiiainted  with 
colliery  work,  and  if  we  could  speak  of 
oxygen  deficiency  I  tiiink  it  would  be  a 
better  teiTn  to  use  than  percentage  of  black 
damp.  I  was  wondering  what  it  could  bo 
(of  course  it  was  explained  afterwards)  to 
have  7%  to  9%  of  it  in  the  air,  and  thought 
it  might  be  marsh  gas;  carbon  monoxide 
would  be  too  deadly  and  carbon  dioxide 
improbable  with  so  much  water  about. 

Dr.  L.  G.  Irvine:     Might  I  say  that  the 
meaning  of  bhuk  damp  is  perfectly  settled 
and  perfectly   well  understood.        It  is  the 
residual  state  of  the  atmosphere  in  the  un- 
ventilated  portion  of  a  mine,  or  in  a  well, 
or  in  any  deep  cutting,  resulting  from  the 
processes  of  oxidation  which  go  on  when  air 
penetrates  underground.     By  far  the  larger 
part    of    black    damp     always    consists    of 
nitrogen.       The   amount  of  COo  may  vary 
from  Oy.  to  20%  according  to  circumstances 
and  unless  the  amount  of  CO,  reaches  6% 
or  over  black  damp  is  not  heavier  than  air. 
It  has  been  found  in  coal  mines  that,  when 
the  oxidation  is  mainly  that  of  coal  very  little 
CO,  is  present  in  the  resulting  black  damp, 
but"  where  the  oxidation  is  mainly  that  of 
timber,  the  proportion  of  CO,  in  the  black 
damp  is  greatly  increased.     Here,  however, 
we  have  to  deal  with  the  ore  bodies  of  the 
Eeef,  and  we  have  got  to  consider  what  are 
•  the  oxidisable  substances  in  these  which  are 
going  to  withdraw  oxygen  from  the  air,  and 
what  will  be  the  resulting  condition  of  the 
atmosphere  which   remains.        Black  damp 
has  nothing  to  do  with  fire  damp  at  all.    But 
there   is  one   common   feature   about   both, 
namely,  that  if  tliey  are  present  in  sufficient 
amount  to  reduce  "the  oxygen  to  a  certain 
point,  they  will  produce  the  same  danger  of 
asphvxia  from  that  cause.     The  last  spt-aker 
is    quite    wrong    in    thinking    that    oxygen 
deficiency  is  dangerous  at  so  high  a  level  as 
he    mentioned,    namely,    17    or    16%.      Air 
which    will    iust    extinguish    an    open    light 
may   be  perfectly  safe  to  breathe;    that  is 
the'  tro'.iblo  about  it;  miners  know  that.    If 
when  a   light   went  out  miners  knew  they 
were  going  to  be  asphyxiated  they  woidd  get 
out;  'but'^they  know"  that  in  many  atmos- 
spheres   in    which    a   candle   or  oil   lamp    is 
extinguished  it  is  perfectly  safe  to  proceed. 


and  it  may  be  so.  The  trouble  is  that  while 
the  extinction  of  lights  gives  warning  of 
tainted  air,  it  gives  no  ineiisure  of  the  niuimni 
of  vitiation,  and  that  is  why  small  animals, 
sueh  as  canaries  and  mice,  are  used,  because 
their  use  does  give  a  measure  of  the  danger. 
They  are  afTected  sooner  than  human  beings, 
and  so  their  disablement  gives  warning  for 
men  to  withdraw.  The  extinction  of  an 
acetylene  lamp,  however,  is  an  urgent 
danger  signal  since  a  degree  of  oxygen 
deficiency  which  will  extinguish  an  acety- 
lene tlaine  will  produce  effects  on  men. 

I  hope  the  author,  if  I  may  say  so,  will  con- 
tinue liis  investigations  of  the  black  damp 
formed  in  these  disused  workings,  becauw- 
1  think  it  is  a  most  valuable  piece  of  work. 

The  general  conclusions  to  be  drawn  arc, 
I  think:  — 

(1)  That  the  amount  of  black  damp 
fonned  in  the  mines  of  the  Rand  is  in 
gcnrral  not  of  practical  importance. 

(2)  That  in  disused  close  workings, 
ctipcclaUij  in  raises  and  in  back  stopes 
black  dani])  does  fonn,  and  if  they  are  left 
long  idle  it  may  accumulato  in  dangerous 
amounts,  as  these  fatalities  show. 

(3)  That  the  black  damj)  so  formed 
appears  to  be  a  "light"  black  damp  (/.''.. 
lighter  than  air)  being  composed  of  nitrogen 
with  very  little  CO,  and  so  it  tends  to  remain 
in  sucli  workings  as  raises  and  back  stopes 
until  dispelled  by  ventilation. 

(4)  Such  cases  ob\nously  show  the  neces- 
sity of  thoroughly  ventilating  any  close 
workings  especially  if  disused  for  some  time. 
before  "^they  are  entered,  and  of  securely 
closing  off  all  such  workings  into  which  it 
is  not  necessary  to  enter. 

Mr.  J.  Albin  Woodburn  (Ahsocvuc): 
I  was  particularly  struck  with  the  opening 
remarks  of  Mr.  Gray,  when  he  refeired  to 
winzes  being  known  to  be  sometimes  rather 
defective,  because  black  damp  or  CO,  was 
liJvely  to  occur  there,  CO,  being  heavier 
than  air,  and  therefore  likely  to  be  found  in 
winzes  not  propei'ly  ventilated,  and  the 
inference  was  that  it  was  rather  an  unusual 
thing  to  find  similar  defective  air  in  raises. 
The'^ conclusion  that  this  was  due  to  CO, 
seemed  strange.  I  think  Dr.  Irvine's 
remarks,  coupled  with  the  analysis  given 
in  the  i>aper,  fully  explains  that  the  CO, 
was  not  sufficiently  great  to  speak  of  tlie 
danger  as  being  due  to  CO,,  and  the 
deficiency  in  oxygen  and  the  increase  m 
nitrogen  would  naturally  make  the  air,  as 
a  whole,  lighter  and  so  tend  to  accumulate 
in  raises. 
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Dr.   L.   G.  Irvine:     To  ivniain  there? 

Mr,  J.  A.  Woodburn:  Yes,  and  not  only 
to  leniaiu  tiieie,  but  to  gravitate  upwards, 
it  one  may  speak  of  gravitation  upwards. 
In  coal  mines,  marsh  gas  or  fire  damp  tends 
to  accumulate  in  any  holes  in  the  roof  or 
in  any  raises  that  are  not  open  to  the  level 
above,  even  although  the  gas  may  come 
from  other  portions  of  the  mine. 

Now,  in  any  drive,  if  oxygen  is  being 
taken  from  the  atmosphere  by  any  means 
so  that  any  portion  of  the  air  becomes 
lighter  than  the  previous  air  that  was  going 
in,  it  will  naturally  tend  to  accumulate  in 
any  bottle-shaped  raise,  because,  being 
lighter,  it  will  tend  towards  any  opening  in 
the  roof.  So  that  this  atmosphere  reduced 
in  oxygen  might  easily  come  through  drives 
at  a  lower  level  and  gradually  accumulate 
without  any  oxidation  of  the  pyrite  in  the 
reef.  It  seems  to  me  the  whole  point  is 
this,    that    ventilation    should   be    in    every 


working  place  or  in  every  place  where  men 
or  boys  congregate  underground,  and  the 
same  precautions  should  be  taken  in  gold 
mines,  to  have  some  form  of  ventilation, 
even  a  little,  in  the  same  way  as  in  coal 
mines,  in  order  to  take  away  the  <^ases 
which   are   formed   there. 

The  President:  Mr.  Gray's  paper  and 
the  discussion  have  been  extremely  interest- 
ing, and  it  seems  to  me  to  lead  to  just  one 
practical  outconie,  and  that  is  this,  that 
it  is  manifestl}'  impossible  for  a  mine  to 
carry  a  coinplete  system  of  ventilation 
through  disused  workings  :  there  is  no  sense 
in  doing  it,  that  1  can  see;  but,  at 
the  same  time,  if  such  dangers  exist  as  the 
author  points  out,  it  is  quite  clear  that 
barricading  of  disused  workings  would  be  a 
great  aid  to  safety  underground.  I  do  not 
put  that  forward  as  a  suggestion  to  the 
Inspector  of  Mines,  because  he  might  go 
and  add  it  to  the  regulations,  nevertheless 
it  is  well  worth  the  consideration  of  miners. 


•  SAFETY    FIRST  "    METHOD    FOR     THE    ESTIMATION    OF    CO.    IN    MINE 

AIR. 


By   H.    R.    S.    \YiLKES    (Member). 


Prof.  Neve  Foster  more  than  thirty  years 
•ago  suggested  the  use  of  a  saturated  solu- 
tion of  lime  in  water  as  a  guide  in  mine 
ventilation,  but  the  varying  solubility  of 
lime  at  dilTerent  temperatures  renders  any- 
thing like  a  close  estimation  by  its  means 
a  matter  of  difficulty. 

\Yith  the  method  under  consideration, 
percentage-  which  approximate  to  the 
safety  limit  set  by  Government  can  be 
estimated  to  the  third  place  of  decimals. 
Higher  values  than  0'30%  can  also  readily 
be  estimated  with  a  little  extra  care,  but 
as  these  are  really  only  of  statistical  value 
it  is  unnecessai-y  to  consider  them  in  deal- 
ing with  a  method  which  lays  claim  to  the 
title  of  ■■  Safety  First."  This  claim  has 
been  made  for  the  reason,  that  by  its 
general  and  regular  use  in  mines  the  safety 
of  underground  workers  can  be  guarant-i^ed 
from  the  dangers  resultant  on  working  in 
an  atmosphere  containing  high  percentages 
■of  COj.  Incidentally  it  offers  protection  to 
underground  officials  responsible  for  venti- 
lation, from  unprofitable  and  vexatious 
encounters  with  the  majesty  of  the  law. 

\Yith   the   "Safety  First"   method: 

The  estimations  are  conducted,  and 
results  obtained   at   the  jjlace  of  sampling. 


No  technical  knowledge  or  special  skill  is 
required  of  the  person  actually  making  the 
estimation.  The  results  are  obtained  in, 
from  five  to  ten  minutes.  All  calculations 
and  reagent  preparations  are  made  in  the 
laboratory  before  being  placed  in  the  hands 
of  the  sampler.  The  outfit  weighs  less 
than  20  lb.  when  fully  cliarged,  it  is  quite 
inexpensive,  and  can  be  made  in  Ihe  miiie 
workshops. 

It  is  not  suggested  tliat  the  "  Safety 
First  "  method  should  depose  the  standard 
one  at  present  in  use,  rather  may  it  be 
considered  as  an  extension  of  that  method, 
making  possible  the  examination  of  a  much 
greater  number  of  samples  and  so  giving 
increased  knowledge  of  the  air  conditions 
cf  the  mine.  The  statistical  records  being 
made  by  the  standard  method  they  will 
afford  periodical  checks  on  the  "  Safety 
First  "  results,  if  the  estimations  are  made 
at  the  same  time  and  place,  by  both 
systems. 

The  "  Safety  First  "  method  is  based  on 
the  standard  one  except  that  quantities  used 
are  tenths,  and  the  operation  of  "titration 
with   oxalic   acid  is   eliminated. 

The  baryta  water  is  of  deci-normal 
strength,     and    the    reduction    to    N.T.P., 
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allowance  for  water  vapour  tension,  etc., 
are  all  ealcnlated.  anil  then  refjjulateil  hy 
the  amount  of  the  reagent  used.  The 
inili<-ator  used  is  phenolphthalein.  The 
water  used  in  inalving  up  the  i)aryta  water 
and  in  dihiling  the  reagent  must  be  freshly 
boiled  distiUed   water. 

The  reaj,'ent  pliials  should  he  f^round  gla.ss 
stoppered,  thouu'li  owing  to  the  difficulty 
•of  ohtainiiiii  sueii.  rubber  corks  have  so 
far  lieen   n^^cd 


7.  One  foot  rubber  tubing,  A  in. 

H  Table  of  values  corrected  for  varying 
depths. 

DntixTioNs   Foit  Testixo. 

On  arrival  at  the  Kampling  place  one  of 
the  8  oz.  bottles  is  filled  with  air  by  the 
means  of  the  bellows,  the  sampler  using 
precisely  the  same  precautions  as  with  the 
standard  method  except  that  the  lK>ttle  does 
not  need  corking,  and  a  few  strokes  of  the 
li'llnws  oidy  are  iieed.-d.      .\   naL'<-nt  bottle 
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(leei-nonnal    Imryta  water,  quantities  calculated  I')  values  at  GtNK)  ft. 
aiiist  staiiitar.l  uietliod         Difierence  will  }:ive  fa'^tor  for  calculation  of 
ryta  water  required  for  local  comlitions.     Tahle  then  <,'ive.s  CO..  values 
for  varying  depths. 

The  apparatus  consists  of  the  following: 

1.  A    wooden    case,    16ix8^xl0i,    with 
::strap  for  carrjiug. 

2.  Bellows,  fastened  inside  the  lid  of  the 
ca«e,  as  a  safeguard  against  rats. 

3.  18   1   oz.    tincture  phials  with   rubber 
corks. 

4.  Four  sample  bottles,  technically  known 
as  8  oz.  flats. 

5.  One    vulcanite   or   porcelain   transferer 
^'ith  rubber  washers. 

6.  One  bottle  holder  (two  designs). 


is  then  taken  (the  streugtli  selected  accord- 
ing to  the  judgment  of  the  sampler),  and 
after  uncorking,  is  immediatelj"  connected 
with  the  sample  bottle  by  means  of  the 
transferer.  The  holder  is  then  adjusted  to 
prevent  all  leakage,  and  the  reagent  bottle 
inverted  and  shaken  to  transfer  the  ban.ta 
wat^r  to  the  sample  bottle.  The  shaking 
is  continued  for  from  one  to  seven  minutes, 
that  is  until  the  pink  colour  is  discharged 
or  remains  unelianged  after  seven  minutes, 
which  is  long  enough. 
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1.  If  the  pink  colour  is  rapidly  discharged 
the  record  is  made  of  the  number  of  the 
reagent  bottle  used,  foUowed  by  a  capital 
D  thus  3D,  which  means  that  the  percent- 
age of  CO,  is  in  excess  of  the  value  given 
on  the  table  for  the  level  at  which  the 
sample  is  taken. 

2.  If  the  colour  changes  slowly  and  while 
not  entirely  discharging  is  faint,  it  may  be 
taken  that  the  table  value  of  the  bottle 
represents  the  actual  percentage  of  CO^, 
and  the  record  is  made  3N. 

3.  If  the  colour  remains  unchanged  the 
percentage  is  distinctly  lower  than  the  value 
of  the  bottle,  and  the  record  3U  is  made. 

For  example,  at  2,500  ft.  above  sea  level. 
3D  would  represent  "in  excess  of  0'217%." 
3X  would  represent  "  0-217%." 
3U  would  represent  "  less  than  0'217%." 

In  these  cases  3D  would  call  for  a  wash 
down  and  blow  out,  with  3X  such  action 
would  not  be  imperative,  and  with  3U  it 
would  be  unnecessary. 
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N.15. — Tiie  -aiii(jles  (  stiniateil  on  th- 2f;-9-l8  atl'tnl 
an  exHmi»le  i>f  tiie  ef}e<:t,  of  insiitlicieiii  sliakiiig  ; 
tliey  \ver>i  only  -haken  for  two  niiuiiies. 

The  above  is  a  list  of  estimations  made 
in  conjunction  with  the  standard  methods, 
by  different  gentlemen  quite  independently 
of  myself.  It  will  be  seen  that  in  the  range 
of  the  d'>nger  point,  0-20'/ .  they  agree.  In 
the  higher  percentages  the  Safr'ty  First 
method  hr; s  often  given  lower  results;  there 


are  several  possible  disturbing  factors  which 
may  account  for  these  discrepancies,  the 
most  important  being  the  personal  equation, 
but  in  this  paper  it  is  unnecessai-y  to  dis- 
cuss these  factors,  since  the  only  claim  at 
present  made  for  the  method  under  con- 
sideration is  that  it  ensures  safety.  When 
the  time  comes  for  the  method  to  be  con- 
sidered as  a  rival  to  the  present  standard 
one  the  effect  of  these  factors  will  have 
been   accurately   determined. 

The  advantage  of  being  able  to  ascertain 
with  certainty  the  condition  of  the  air  in 
places  such  as  winzes,  raises,  drives  and 
back  stopes,  within  a  few  minutes  is 
obvious,  and  has  been  practically  illustrated 
in  a  back  stope,  where  day  and  night  shifts 
have  been  worked  for  two  months.  The 
apparatus  was'  in  constant  use,  and  tests 
were  made  invariably  before  the  workers 
were  allowed  to  enter. 

Whenever  high  percentages  were  indicated 
it  was  found  that  there  was  some  slight 
derangement  of  the  ventilation,  such  as  low 
pressure  of  air,  lashing  of  ore  heaps 
saturated  with  gas,  etc.  A  wash  down  and 
blow  out  usually  coiTccted  the  conditions 
and  enabled  work  to  commence  in  safety. 

Generally  and  regularly  used,  the  method 
should  become  as  much  a  part  of  mine 
routine  as  is  the  search  for  misfires,  or  the 
examination  of  the  hanging. 

]My  thanks  ai'e  due  to  ^Nlr.  Tucker, 
Geldenhuis  Mines,  and  Mr.  Hilton,  City 
and  Suburban  G.]\I.,  for  assistance  in  the 
construction  of  the  apparatus,  and  to  IMessi-s. 
Wartenweiler,  Ingle,  Blackmcre,  Touzeau- 
Brinton  and  many  other  gentlemen  for 
assistance  and  advice  in  testing  and  samp- 
ling. 

The  President:  I  should  like  to  propose 
a  very  hearty  vote  of  thanks  to  the  author 
for  his  bringing  forward  this  vei'y  ingenious 
aiTangement.  It  certainly  seems  a  useful 
adjunct  to  the  methods  in  vogue.  I  have 
never  had  the  opportunity  of  seeing  it  be- 
fore; so  perhaps  those  who  have,  will  con- 
tribute a  remark  or  two  as  to  their  opinion 
of  its  utility. 

Mr.  J.  Gibson  (A-'^ftociate) :  I  have  had 
the  satisfaction  of  using  this  apparatus  by 
the  author  on  the  Geldenhuis  Deep.  W^e 
applied  it  in  the  case  of  several  back  stopes 
which  are  contiguous  to  one  another  just 
near  the  Heriot  boundary,  and  which  gave 
us  quite  a  lot  of  trouble  in  connection  with 
ventilation.  In  testing  w^e  tried  it  for  two 
or   three    daj'^s   against    the   ordinary   bottle 
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inetliod,  compared  the  results  afteruiucl^, 
and  the  tests  compared  very  favourably, 
quite  sullieient  to  give  an  indication  us  to 
whether  the  stopes  sliould  be  entered  or  not 
before  starting  operations;  and,  as  a  quick 
method  of  ascertaining  whether  jdaccs 
which  liave  accumulated  bad  air  should  be 
blown  out  or  not  before  allowing  boys  or 
workmen  to  go  in,  I  should  say  in  this 
particular  case  the  apparatus  would  be  very 
useful.  It  is  sufficiently  accurate  to  give 
those  indications,  and  it  is  not  intended,  of 
course,  to  do  away  with  the  ordinary 
methods  of  testiiig  the  air  in  those  places 
where  tests  are  necessary,  but  just  as  an 
indication  as  to  whetiher  they  are  in  a 
dangerous  state  or  in  a  safe  state  to  work 
in.  In  these  particular  stopes  we  havei 
tried  quite  a  number  of  different  methods 
of  ventilation,  and,  finally,  we  have  solved 
the  difficulty  by  putting  in  a  short  length  of 
about  80  ft.  of  IG  in.  Hume  pipe  with  an 
H.A.S.  blower,  which  has  given  vei-y  great 
satisfaction.  It  has  induced  a  sufficient 
draught  to  kce])  those  places  well  venti- 
lated. 

The  regulations  require  a  minimum  per- 
centage of  0'2%  CO2  in  the  case  of  phthisis 
mines,  and  it  has  been  found  that  where 
the  CO,  rises  above  0'3%,  an  appreciable 
amount  of  CO  may  in  manj^  cases  be 
present.  The  apparatus  devised  by  Mr. 
Wilkes  readily  indicates  such  an  amount  of 
CO,  by  testing  on  the  spot.  Thus,  when 
used  in  this  manner,  it  will  tend  towards 
a  reduction  of  minor  gassing  cases,  especi- 
ally in  those  workings  where  accumulations 
of  CO,  are  probable,  thereby  also  preventing 
delays  when  the  tests  show  there  is  no 
danger  in   allowinsf  work  to  proceed. 

Mr.  F.  Wartenweiler  ( Member  of  Coun- 
cil): I  think  the  author  has  established  a 
very  happy  precedent,  and  that  is,  that  a 
newly  elected  member  introduce  himself  by 
reading  a  paper. 

I  have  not  had  experience  with  the 
author's  apparatus,  except  on  the  surface, 
but  it  has  appealed  to  me,  from  the  begin- 
ning, as  a  rapid  method — approximate,  to 
be  sure — just  to  tell  the  underground  official 
whether  the  COj  content  of  a  working  place 
is  either  below  the  Government  regulations 
and  safe,  or  whether  it  is  above  and 
unhealthy.  In  that  respect,  I  believe  it  will 
prove  useful,  and  worthy  of  the  attention 
-of  the  underground  staff. 


DHTKIiMINATIOX     OF     AVA11..\J:5J.E 

JJ.MK    IN  THE  1)1FFEI{ENT  CLASSES 

OF    LIME    SUl'PLIED   TO   RAND 

REDUCTION  WOHKS. 


By  C.   A.   Mkiklijoiix  (Member). 


(I'rinicd    in    Journal,    December,    1918.) 


DISCUSSION. 

Mr.  F.  W.  Watson  (Member  of  Council): 
In  submitting  a  few  remarks  on  Mr.  .Meikle- 
john's  j>aper  on  the  determination  of  avail- 
able CaO  in  ordinary  commercial  lime,  I 
must,  in  the  first  place,  express  my  regret 
that  the  author  was  unable  to  be  present 
at  a  meeting  to  introduce  his  paper,  as,  I 
am  sure,  the  points  he  has  raised  would 
have  been  emj)hasized. 

j\Ir.  Meiklejohn  opens  his  |^aper  with  a 
description  of  the  method  recommended  by 
the  Standards  Committee  in  January,  1913, 
and  although  the  subject  of  deteruiination 
of  CaO  has  been  well  thrashed  out  in  this 
Society's  Journal,  I  think  we  should  wel- 
come the  author's  pai)er  giving  us  his  experi- 
ence, as  six  years  is  a  consideralde  interval, 
and  in  that  time  many  analysts  may  consider 
that  the  method  recommended  can  be 
improved  upon. 

In  my  opinion,  the  great  point  to  be  con- 
sidered in  the  estimation  of  CaO  is  to  bear 
in  mind  that  quick-lime  is  what  I  might 
class  as  a  "  perishable  "  product.  The 
sam]de,  during  handling,  is  liable  to  lose 
efficiency  due  to  absorption  of  CO,  from  the 
surrounding  atmosphere  ;  aqueous  vapour  is 
also  rapidly  absorbed,  increasing  the  weight, 
while  the  added  weight  is  inert.  For  this 
reason  I  considt-r  that  grinding  the  whole 
sample  in  a  Wedgwood  mortar  and  passing 
the  whole  through  a  60  mesh  sieve  (Stan- 
dards Committee  method)  cannot  be  recom- 
mended as  the  best  procedure,  as  this  operar 
tion  is  bound  to  take  a  considerable  time 
and  most  intimate  contact  with  the  sur- 
rounding atmosphere  is  ensured. 

Sugar  Solution. — The  solution  we  use 
contains  between  20  gm.  and  30  em.  of  sugar 
to  the  litre.  Each  litre  of  solution  is  made 
up  separately,  and  is  prepared  just  prior  to 
commencing  the  estimation.  A  stock  solu- 
tion of  sugar  should  not  be  kept  a,s  fermen- 
tation may  be  set  up.  The  litre  of  sugar 
solution  is  poured  into  an  ordinary  Imperial 
quart,  bottle  (colourless  glass),  as  this  is 
most  conveniently  handled,  and  the  solu- 
tion is  then  neutralized  to  phenolphthalein. 
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I  am  of  opinion  that  phenolphthalein  is 
the  correct  indicator  to  use  in  this  opera- 
tion, as  H,C().,  is  the  at-id  to  be  neutralized, 
and  phenolphthalein  is  undoubtedly  more 
sensitive  to  this  weak  acid  than  rosolic  acid. 
It  must  be  remembered  that  in  the  final 
titration  of  the  caustic  lime  carbonates  are, 
to  all  intents  and  jiurposes,  eliminated,  so 
that  the  use  of  the  same  indicator  in  neutral- 
iziHg  the  sugar  solution  and  in  the  lime 
titration  has  not  so  much  to  recommend  it 
as  might  appear  at  first  sight. 

In  neutralizing  the  su<?ar  solution  we  use 
ordinary  deci-normal  caustic  soda  and  nm 
it  in  from  a  burette.  By  this  means  we 
know  h.r)\^-  much  excess  volume  we  have 
added,  and  we  then  pipette  an  equal  quan- 
tity out  of  the  bottle. 

\Ve  h.ave  found  that  in  distilling  ordinary 
Rand  Water  TJcard  water,  if  the  distilled 
water  is  stored  in  Winchester  quart  bottles, 
a  very  considerable  difference  in  CO,  con- 
tent will  be  found  in  different  bottles  col- 
lected from  the  same  still.  At  the  present 
time  we  stock  our  distilled  water  in  a  large 
covered  earthenware  jar  holding  about  60 
litres,  and  thus  we  obtain  uniformity,  very 
little  alkali  beine  required  for  neutralization. 
I  have  known  a  litre  of  sugar  solution,  pre- 
pared with  distilled  Rand  Water  Board 
water,  require  as  much  as  from  15  cc.  to 
20  cc.  of  deci-ncrmal  alkali  to  show  the 
phenolplithalein  colour.  This  may  seem 
incredible,  but  can  be  explained  by  assum- 
ing that  this  particular  bottle  of  water  had 
been  collected  during  the  period  of  maxi- 
mum decomposition  of  the  bicarbonate  of 
liine  originally  present  in  the  natural  water. 
This  will  emphasise  the  point  raised  regard- 
ing our  preference  for  phenolphthalein  as 
indicator  in  neutralizing  the  water. 

Preparation  of  Sample. — The  sample, 
according  to  the  standard  specification,  is 
supposed  to  have  been  passed  through  a  30 
mesh  sieve,  and  in  this  state  of  fineness  I 
consider  it  is  quite  permissible,  in  fact  pre- 
ferable, to  further  reduce  the  bulk  before 
any  subsequent  grinding.  The  method  pro- 
posed by  ?ilr.  G.  W.  Williams  in  1905,  and 
since  then  invariably  used  in  the  Consoli- 
dated Gold  Fields  Laboratory,  consists  in 
mixing  the  sample  thoroughly  on  a  paper, 
spreading  it  out  and  takine  about  30  gm. 
to  40  gm.  This  quantitv  is  ground  in  a 
Wedgewood  mortar,  which  not  onlv  reduces 
the  sample  to  a  fine  stste  of  division,  but 
insures  an  intimate  mixture,  and  about 
5  gm.  of  this  is  taken  and  finely  pulverised 


in  an  agate  mortar.  From  this  finely 
pulverised  portion  2  gm.  is  immediately 
weighed  out  for  the  estimation  and  added 
to  the  litre  of  sugar  solution  prepared  as 
described  above.  The  botUe  is  ot  once 
shaken  thoroughly  by  hand  to  prevent 
coagulation  of  the  liine.  This  we  have 
found  a  most  important  factor,  and  neglect 
of  this  may,  in  some  cases,  cause  low 
results.  The  bottle  is  then  agitated  for 
about  half  an  hour  by  hand,  then  mechanic- 
alh"  agitated  for  about  an  hour  and  allowed 
to  stand  overnight.  In  tiie  morning  it  is 
mechanically  agitated  for  about  half  an 
hour,  then  allowed  to  settle  and  25  cc.  of 
the  clear  solution  pipetted  off  and  titrated 
with  N/IO  sulphuric  acid,  rosolic  acid  being 
used  as  indicator. 

I  cannot  agree  with  ]\Ir.  Gray  that  stand- 
ing overnight  tends  to  give  low  results,  and 
would  like  more  than  a  vague  statement 
that  this  IS  well  known  by  those  familiar 
with  lime  determinations.  It  seems  to  me 
that  such  a  statement  should  have  more 
foundation  from  the  standpoint  of  chemical 
theory.  Where,  in  a  sealed  bottle,  does  the 
baneful  influence  gain  admission,  and  what 
precipitates  the  dissolved  lime  or  prevents 
solution  '?  We  have  experimented  with  lime 
samples,  giving  different  treatments  in  the 
matter  of  agitation,  and  have  found  that  the 
method  just  described  gives  as  high  a  result 
as  either  two  hours'  continuous  or  six  hours' 
intermittent  agitation. 

I  agi'ee  with  Mr.  Meiklejohn  that  filtering 
the  solution  is  unnecessaiy  and  a  waste 
of  time.  A  solution  of  caustic  lime,  if 
allowed  to  stand,  settles  readily,  and  it  is 
an  easy  matter  to  draw  off  enough  abso- 
lutely clear  solution  for  several  titrations  of 
25  cc.  each.  We  liave  disc-trded  filtering 
for  the  last  three  or  four  years  as  we  found 
that  the  difference  between  the  results 
obtained  by  our  previous  method  of  filtering 
and  by  drawing  the  solution  off  was  inappre- 
ciable, and  there  is  no  comparison  in  the 
time  taken.  It  may  be  remarked  that  the 
filter  paper  used  by  the  author  (30  cm. 
diameter)  seems  unnscessariW  large,  18'5 
cm.  and  15  cm.  diameter  are  the  sizes  we 
used  in  days  gone  by. 

Mr.  Meiklejohn  seems  to  have  gone  to  a 
great  deal  of  trouble  and  spent  a  consider- 
able amount  of  time  in  preparing  his  paper. 
While  I  agree  with  him  that,  in  my  opinion, 
the  standard  method  is  not  by  any  means 
the  last  word  in  available  lime  detennina- 
tion,  and  that  in  aU  cases  agitating  the  sam- 
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pie  is  advisjililo  (in  some  cases  absolutely 
necessary),  1  feel  that  a  p;reat  deal  of  liis 
work  has  heen  unnecessary  niul  niii,'lit  luivc 
hoen  avoided  if  lie  had  made  enquiries  hefuri- 
imdertakincT   such   elaborate   experiments. 

It  seems  strange  lliat  one  should  have, 
at  this  time,  to  connnent  on  such  a  largely 
used  method  as  available  lime  determina- 
tion, but  T  would  be  greatly  interested  to 
really  know  how  many  analysts  actually 
carrv  out  the" stand;' id  method  to  the  letter. 


NOTi:S  OX  THE  FOOTW.VLL  BEDS  OF 
THE   FAK  E.VST  KAN])  l^EEF. 


By  L.   W.   ^I.vcER  (Associate). 
(Printcil  in   Journal,  November,  1018.) 


REPLY  TO   DISCUSSION. 

Mr.  L.  W.  Macer  (Associate) :  I  do  not 
think  there  is  much  in  the  discussion  which 
has  taken  place  on  this  paper  which  calls 
fcr  reply. 

In  reply  to  ^Ir.  H.  S.  ^feyer's  remarks, 
I  may  say  that  illustration  Fig.  1  was  taken 
from  the  same  drive  as  was  Dr.  jMellor's, 
but  I  believe  on  the  opposite  side  of  that 
drive.  My  point  was  to  illustrate  the  intru- 
sive nature  of  the  slate,  this  being  the  most 
striking  occurrence  of  this  phenomenon  that 
I  know  of  at  Brakpan.  It  is  unfortunate 
that  the  illustration  has  been  printed  upside 
down,  which  fact,  however,  might  have 
called  forth  comment  where  the  geological 
interest  of  the  section  failed  to  do  so. 

I  am  in  agreement  with  Mr.  Bleloch  in 
urging  that  mining  men  should  record  their 
observations  upon  the  mineralogical  and 
geological  characteristics  of  the  reefs  and 
adjacent  beds,  and  would  suggest  that  this 
Society  take  steps  to  encourage  such  work. 
I  have  recently  been  much  impressed  by  the 
absolutely  useless  nature  of  many  of  the 
shaft  and  borehole  records  which  it  has  been 
my  lot  to  examine.  Surely  the  results  of 
such  expensive  works  are  worthy  of  skilled 
examination  and  careful  record.  The  geo- 
logical record  of  underground  development 
work  is  often  no  better,  with  the  result  that 
one  so  often  comes  aci'oss  work  which  is 
more  worthy  of  moles  than  mining  engineers- 
I  am  inclined  to  think  that  had  underground 
men  been  encouraged  to  observe  and  record 
their  observations  as  to  the  geological  side 
of  their  work  there  would  now  be  little  room 
for  controversv  among«;t  geologists  as  to  the 
stratigraphy  of  these  fields. 


THE  APPLICATION  OF  THE  THEOllY 

OF    rKOBABILITY    IN    THE 
I»KTEl:.MlNATIOX  OF  OKE  KESIOUVES 

iiy    0.    A.    Watkumeyich.    B.A.,    A.R.S.M. 
(Member  of  Council). 

(Prinled  in  Journal,  January,  1919. 1 

DISCUSSION. 

Sir  Robert  Kotz6  (Member)  (contributed j: 
1  have  read  the  paper  carefully,  but  found, 
it  dilhcult  to  follow.  There  are  some  mis- 
prints of  formulae,  and  unless  one  has  the 
original  authorities  the  mathematical  deve- 
lopment is  incomplete.  That  does  not 
matter  much  in  general,  but  there  is  one 
step  for  which  the  reason  ought  to  be 
shown.  It  is  not  contained  in  the  paper, 
and  I  shall  endeavour  to  explain  it  as 
follows :  — 

The  new  method  consists  in  working  out 
a  smooth  frequency  curve  from  a  more  or 
less  erratic  frequency  polygon  obtained 
when  plotting  the  observed  frequencies  of 
the  various  inch-dwts.  an*anged  in  sets  of 
50  or  so.  This  curve  is  presumably  that 
for  the  whole  mine  or  whole  section  of  a 
mine.  For  a  particular  section  or  series  of 
values  forming  presvmiably  part  of  such  a 
whole,  the  actual  inch-dwts.  fomiing  the 
series  are  weighted  with  frequencies  shown 
in  the  smooth  frequency  curve  and  the 
mean  thus  ascertained. 

It  is  ditticult  to  see  the  logic  of  this 
procedure,  l^robably  it  is  developed  in  the 
authorities  quoted.  If  it  were  strictly 
correct  in  all  cases  it  would  be  correct  in 
the  extreme  case — that  is  in  the  case  where 
the  section  to  be  tested  consists  of  the 
original  samples  of  the  whole  mine 
or  whole  sections  of  a  mine  from 
which  the  curve  is  constructed.  Bub 
obviously  it  is  not  correct  in  that  case  for 
the  frequency  would  then  appear  as  a  double 
multiplier.  For  example,  the  table  on. 
p.  105  means  that  there  were  in  the  original 
samples  for  everA-  466  Siimples  of  25  inch- 
dwts..  86P  samples  of  75  inch-dwts,  etc.. 
etc.  If  the  metho<I  illustrated  at  the  begin- 
ning of  p.  106  is  coiTect  it  can  also  be  applied 
to  the  whole  mine  that  is  to  the  table  on 
p.  105.  You  would  then  have  466  samples 
grouped  around  25  inch-dwts.  with  a  weight 
of  4'66.  860  samples  gi-oupod  around  75 
inch-dwts.  with  a  weight  of  8"60,  etc. 
obviously  you  would  multiply  twice  by 
4-06,  8-69, 'etc.,  in  this  way  (neglecting  the 
100  factor). 
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The  logical  reasoning  for  this  step  ought 
to  follow  immediately  after  the  table  on 
p.  105  before  proceeding  to  give  the  illustra- 
tion following.  1  take  it  the  table  on 
p.  106  means  that  one  sample  of  group  520 
has  been  found,  one  of  340,  etc.,  and  not 
more  than  one.  Further,  I  presume  the 
method  is  to  be  applied  to  rock  coming 
from  all  over  the  mine  and  not  to  individual 
blocks. 

It  would  be  useful  to  consider  a  mine  as 
a  bag  full  of  so  many  million  counters,  each 
representing  5  lb.  The  sampler  is  the  man 
wlio  takes  out  the  counters  one  at  a  time, 
and  he  finds  each  one  marked  with  its  dwt., 
and  on  the  theory-  of  probabilities  "proceeds 
to  work  out  the  average.  The  probability 
of  a  shovelful  of  such  counters  taken  out 
of  the  bag  would  represent  one  particular 
series.  The  development  of  this  idea  might 
give  some  enlightening  results. 

I  think  the  author  is  to  be  congratulated 
in  having  tackled  in  a  new  way  a  problem 
which  has  puzzled  a  great  many  of  us  at 
one  time  or  another.  The  complete  elimi- 
nation of  high  samples  or  their  reduction 
to  some  figure  commensurate  with  the 
average  of  the  block  value  or  series  of 
samples  has  probably  never  satisfied  anyone 
as  being  logically  dependable.  Yet  these 
have  been  the  only  methods  in  iise  up  to 
the  present. 

Perhaps  the  author  can  also  indicate  to 
us  the  approximate  number  of  samples 
required  to  give  the  true  value  of  a  block 
within  a  required  limit  of  error.  Experience 
has  shown  that  samples  must  not  be  taken 
too  far  apart  to  give  reasonably  reliable 
results,  but  the  theoretical  basis  for  this 
procedure  still  awaits  demonstration. 

The  meeting  tei-minated  at  10.20  p.m. 


Obituary. 


SIR   WILLIA.M   CROOKES,   O.M. 

(Hon.    ^Member). 

Sir  William  Crookes,  English  chemist 
and  physicist,  whose  death  took  place  in 
London,  on  Friday,  the  4th  April,  was 
born  in  London  on  the  17th  of  June, 
1832,  and  studied  chemistry  at  the 
Royal  College  of  Chemistry  under  A.  W. 
von  Hofmann,  whose  assistant  he  be- 
came in  1851.  Three  years  later  he  was 
appointed  an  assistant  in  the  meteorological 
•department  of  the  Radcliffe  Observatoi-y, 
Oxford,  and  in  1855  he  obtained  a  chemical 


post  at  Chester.  In  1861,  while  conduct- 
ing a  spectroscopic  examination  of  the 
residue  left  in  the  manufacture  of  sulphuric 
acid,  he  observed  a  bi'ight  green  line  which 
had  not  been  noticed  previously,  and  by 
following  up  the  indication  thus  given  he 
succeeded  in  isolating  a  new  element, 
thallium,  a  specimen  of  which  was  shown 
in  public  for  the  first  time  at  the  exhibition 
of  1862.  During  the  next  eight  years  he 
carried  out  a  minute  investigation  of  this 
metal  and  its  properties.  While  determin- 
ing its  atomic  weight,  he  tliought  it  desir- 
able, for  the  sake  of  accuracy,  to  weigh  it 
in  a  vacuum,  and  even  in  these  circum- 
stances lie  found  that  the  balance  behaved 
in  an  anomalous  manner,  the  metal  appear- 
ing to  be  heavier  when  cold  tlian  when  hot. 
This  phenomenon  he  explained  as  a 
repulsion  from  radiation,"  and  he 
expressed  his  discover}^  in  the  statement 
that  in  a  vessel  exhausted  of  air  a  body 
tends  to  move  from  another  body  hotter 
than  itself.  Utilizing  this  principle  he  con- 
structed the  radiometer,  which  he  was  at 
first  disposed  to  regard  as  a  machine  that 
directly  transformed  light  into  motion,  but 
which  was  afterwards  perceived  to  depend 
on  thermal  action,.  Thence  he  was  led  to 
his  famous  researches  on  the  phenomena 
produced  by  the  discharge  of  electricity 
through  highly  exhausted  tubes  (sometimes 
known  as  "  Crookes'  tubes  "  in  conse- 
quence), and  to  the  development  of  his 
theoiy  of  "  radiant  matter  "  or  matter  in 
a  "  fourth  state,"  which  led  up  to  the 
modern  electronic  theory.  In  1883  he  began 
an  inquii'y  into  the  natm'e  and  constitution 
of  the  rare  earths.  By  repeated  fractiona- 
tions he  was  able  to  divide  yttrium  into 
distinct  portions  w'hich  gave  different  spectra 
when  exposed  in  a  high  vacuum  to  the 
spark  from  an  induction  coil.  This  result 
he  considered  to  be  due,  not  tO'  any  removal 
of  impurities,  but  tO'  an  actual  splitting-up 
of  the  yttrium  molecule  into  its  consti- 
tuents, and  he  ventured  to  draw  the  provi- 
sional conclusion  that  the  so-called  simple 
bodies  are  in  reality  compound  inolecules, 
at  the  same  time  suggesting  that  all  the 
elements  have  been  produced  by  a  process 
of  evolution  from  one  primordial  stuff  or 
"  protyle."  A  later  result  of  this  method 
of  investigation  was  the  diseovei^^  of  a  new 
member  of  the  rare  earths,  monium  or 
victorium,  the  spectrum  of  which  is  charac- 
terized by  an  isolated  group  of  lines,  only 
to  be  detected  photographically,  high  up  in 
the  ultra-violet;    the  existence  of  this  body 
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was  imiKniiiLH'd  in  his  presidential  adilresB 
to  the  British  Association  at  Bristol  in  1898. 
In  the  siune  address  lie  called  attention  to 
the  conditions  of  the  world's  l'(X)d  supply, 
urging  that  with  the  low  yield  at  present 
realized  per  acre  the  supply  of  wheat  would 
within  a  comparatively  short  time  cease  to 
be  equal  to  the  ilemand  caused  by  increasing 
population,  and  that  since  nitrogenous 
manures  are  essential  for  an  increase  in  the 
yield,  the  hope  of  averting  starvation,  as 
regards  those  races  for  whom  wheat  is  a 
staple  food,  depended  on  the  al)ility  of  the 
ciliemist  to  find  an  artificial  method  for 
fixing  the  nitrogen  of  the  air.  An  authority 
on  precious  stones,  and  especially  the 
diamond,  he  succeeded  in  artificiall}-  making 
some  minute  specimens  of  the  latter  gem ; 
and  on  the  discovery  of  radium  he  was  one 
of  the  first  to  take  up  the  study  of  its 
properties,  in  particular  inventing  the  spin- 
thariscope, an  instrimient  in  which  the 
effects  of  a  trace  of  radiiun  salt  are  mani- 
fested by  the  phosphorence  produced  on  a 
zinc  sulphide  screen.  During  the  subse- 
quent thirty  years  of  his  life,  Crookes  was 
much  occupied  with  further  experimental 
work  on  questions  cognate  to  these  subjects. 
His  familiarity  with  spectroscopy  enabled 
him  to  pursue  successfnllj'  an  enquiry  into 
the  preparation  of  eye-preserving  glass  for 
spectacles,  the  results  of  which  were 
published  in  the  Philosophical  Transactions 
so  recently  as  1914,  and  have  led  to  valuable 
practical  results,  especially  in  the  case  of 
workers  in  glass  and  others  exposed  to 
furnace  glare.  The  primary  object  was  to 
find  a  glass  which  will  cut  off  as  much  as 
possible  of  the  heat  radiation,  but  the 
experiments  were  extended  to  the  search 
for  glasses  opaque  to  the  ultra-violet.  More 
than  three  hundred  different  glasses  were 
investigated,  and  the  compositions  of  nine- 
teen which  have  been  proved  useful  ai'e 
given  in  the  memoir.  In  addition  to  many 
other  researches  besides  those  here  men- 
tioned, he  wrote  or  edit^ed  various  books  on 
chemistry  and  chemical  technology,  includ- 
ing "Select  ^Ietho<ls  of  Chemical  Analysis," 
which  went  through  a  number  of  editions. 
He  further  published  "  The  :\lanufacture  of 
Beet  Koot  Sugar  in  England,"  1870; 
"Handbook  of  Dyeing  and  Calico  Printing/^ 
1874;  "  Dveing  and  Tissue  Printing," 
1882:  "  KeVl's  Treatise  on  Metallurgy." 
1868;  "  ^Yagner's  Chemical  Technology  "•, 
"Auerbach's  Anthrasen  and  its  Derivatives," 
1890;  "  Ville's  Artificial  Manures."  1909; 
"The    Sewage    Question";    "  Tiie    Wheat 


Problem,"  1809;  "Diamonds,"  1909.  He 
also  established  the  Chemical  Newa,  of 
which  he  remained  the  proprietor  and  editor 
until    his   decease. 

He  also  gave  a  certain  amount  of  time 
to  the  investigation  of  psychic  phenomena, 
endeavouring  to  effect  some  measure  of 
correlation  between  them  and  cjrdinar}- 
physical  laws.  Besides  many  scientific 
di.stinctions  he  was  knighted  in  1897,  and 
nuide  a  mend)er  of  the  Order  cA  Merit  in 
1910,  and  received  the  lioval  (187r>),  Davy 
(1888),  and  Copley  (1904),  medals  of  the 
Hoyal  Society,  besides  filling  the  offices  of 
President  of  the  lioyal  Society,  Chemical 
Society,  Society  of  Chemical  Industry, 
British  Association  for  the  Advancement  of 
Science,  and  of  the  Institution  of  Electrical 
Engineers.  The  honorary  degree  of  D.Sc. 
was  confeiTed  upon  him  by  various  Univer- 
sities, including  the  I'liiversity  of  the  Cape 
of  Good  Hopt',  and  he  had  been  an  honorary 
member  of  our  own  Society  for  many  years 
prior  to  his  death. 

During  his  first  visit  to  Soutli  Africa, 
he  addressed  a  meeting*  of  our  Society 
upon  the  liquefaction  of  gases,  on  22nd 
February,  1896,  in  the  Chamber  of  Mines 
Building,  on  which  occasion  Mr.  A.  F. 
Crosse  was  in  the  chair.  His  second  visit 
to  South  Africa  took  place  as  a  member  of 
the  British  Association  for  the  Advancement 
of  Science  in  190.J,  when  he  delivered  an 
address  at  Kimberley  upon  diamonds,  and 
demonstrated  their  hardness  by  causing  one 
to  become  embe<lded  in  a  steel  plate  under 
hydraulic  pressure,  applied  slowly. 

His  first  anival  o!i  the  Witwatersrand 
coincided  with  the  stirring  times  of  the 
Jameson  Paid.  On  this  occasion  he  accom- 
panied Mr.  .1.  S.  ^lacArthur  and  other 
representatives  of  the  African  Gold  Recoven." 
Company,  for  whom  he  gave  evidence  in 
Pretoria  in  the  great  cyanide  case.  The 
writer  had  the  privilege  of  being  associated 
with  Sir  William  (then  Professor)  Crookes 
in  this  work,  and  was  much  struck  by  his 
keen  interest  in  Eaud  activities  and  life, 
including  his  absorbed  attention  in  the 
making  of  fire  by  two  natives  rubbing 
two  sticks  together.  When  this  conversion 
of  molar  into  molecular  motion  had  been 
successfully  accomplished,  the  Professor  lit 
a  cigarette  at  the  resulting  flame  and  handed 
over  the  promised  half-crown  to  the  mutual 
satisfaction  of  himself  and  the  exponents  of 
a  primitive  art. 

•See  Vol.  I.  of  this  Journal,  p,-.  iVl~. 
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Crookes  was  a  man  of  extraordinary 
genius  and  immense  physical  activity,  of 
which  his  copious  pubHshed  work  is 
evidence.  He  combined  with  his  intellec- 
tual powers  an  unusual  degree  of  genial 
kindness  and  consideration  for  others.  There 
were  two  terais  that  he  called  "bad  words," 
and  would  not  allow  in  the  laboratory — one 
was  "'cannot,"  the  other  "near  enough"; 
and  one  of  his  favourite  sayings  was  that  a 
man  could  not  be  really  happy  unless  he 
had  just  a  little  more  to  do  each  day  than 
he  could  possibly  finish. 

The  writer  will  ever  bear  in  appreciative 
remembrance  the  courteous  hospitality 
extended  during  a  visit  to  England  in  1907. 

W.  A.  C. 

Notices  and  Abstracts  of  Articles  and 
Papers. 


CHEMISTRY. 
Extraction  of  Potash  from  Kelp. — "The 
extraction  of  potash  from  seaweed  by  incineration 
is  very  costly,  and  will  probably  continue  only 
as  long  as  the  present  high  price  of  potash  is 
maintained.  Even  under  modern  methods,  the  cost 
of  harvesting  alone,  in  Californian  coastal  waters, 
amounts  to  about  $1.10  (4s.  7d.)  per  ton  of  raw 
kelp  containing  1-3%  K.O  ;  which  is  equivalent  to 
about  $S.j  (say  £18)  per' short  ton  of  K^O,  without 
the  cost  of  drying  and  incineration.  In  a  process 
operated  successfully  by  the  Hercules  Powder 
Co.,  San  Diego,  Cal.,  since  1915,  raw  kelp  is 
fermented  with  the  production  of  acetic  acid. 
Fermentation  is  allowed  to  proceed  until  the 
greater  part  of  the  kelp  leaf  dissolves,  when  the 
insoluble  residue  is  removed  by  screening,  and  the 
solution  is  then  neutralised  with  limestone.  The 
liquid  is  concentrated  and  three  products  are 
obtained  at  various  stages,  the  first  consisting 
mainly  of  calcium  acetate  and  potassium  chloride, 
the  second  of  the  calcium  salts  of  acetic,  propionic, 
butyric,  and  valeric  acids,  and  the  third  containing 
the  bulk  of  the  potassium  iodide.  The  first  product 
is  distilled  to  recover  acetone  and  acetone  oils, 
and  the  residue  lixiviated  for  potassium  chloride  ; 
the  second  is  treated  with  alcohol  and  sulphuric 
acid  for  the  production  of  ethyl  esters  which  are 
afterwards  separated  by  fractionation  ;  and  the 
third  is  treated  with  chlorine  for  the  production 
of  iodine  which  is  subsequently  recovered  by  subli- 
mation. The  residual  unfermented  leaves  are 
treated  with  sodium  carbonate  to  extract,  in  the 
form  of  a  soluble  salt,  algin  which  is  afterwards 
precipitated  and  purified.  Algin  may  find  exten- 
sive uses  in  the  future  as  a  .substitute  for  gelatin 
and  vegetable  gums.  Probably  the  total  production 
of  all  the  harvesting  concerns  in  present  oj^eration 
(in  the  U.S.A.)  does  not  exceed  25  tons  of  80";, 
potassium  chloride  per  day  ;  and  of  this  more  than 
half  is  recovered  in  the  form  of  high-grade  salt 
(95%  KCl)  by  the  fermentation  process." — C.  A. 
HiGcixs,  Chem.  and  Met.  Enrj.,  1918,  W,  432-433. 
— Journal  of  the  Society  of  Chemical  Itulustrij, 
Nov.   15,   1918,  p.   65.3a.     (.J.  A.   W.) 


EsTiM.\Tiox  OF  Cadmium  in  Zinc. — "  I  have  done 
a  considerable  amount  of  work  in  the  analysis  of 
zinc  slab  and  spelter,  using  exclusively  the  method 
approved  by  the  American  Chemical  Society 
(Journ.  Ind.  .£•  Eng.  Chtiii.,  Vol.  7,  No.  6, 
pp. 547-548),  and  have  evolved  a  modification  of  the 
method  prescribed  for  the  determination  of  cad- 
mium, whereby  from  three  to  four  hours  is  saved 
in  the  analysis.  The  principles  involved  are 
identical  with  the  original  scheme,  but  the  details 
and    manipulation   vary    somewhat. 

Twenty-five  grams  of  borings  are  weighted  out 
into  a  500  cc.  beaker,  250  cc.  water,  and  59  cc. 
concentrated  HCl  added.  The  beaker  is  placed 
upon  a  low  hot  plate,  and  allowed  to  stand  over- 
night. In  the  morning,  it  will  be  found  that  all 
but  a  gram  or  two  of  the  zinc  has  been  dissolved, 
and  the  cadmium  is  untouched.  Filter,  transferring 
a  piece  of  the  undissolved  zinc  first  to  the  filter 
paper,  wash  two  or  three  times  with  hot  water, 
and  wash  the  residue  into  a  500  cc.  casserole.  Add 
sufficient  nitric  acid  to  dissolve,  keeping  covered 
meanwhile  with  a  watch-glass,  add  20  cc.  of  1  :  1 
sulphuric  acid,  and  evaporate  to  sulphur  trioxide 
fumes.  Allow  to  cool,  add  150  cc.  hot  water,  and 
bring  just  to  a  boil.  The  precipitated  lead  sulphate 
may   be   filtered   off   immediately. 

Collect  the  filtrate  in  a  350  cc.  beaker,  dilute  to 
200  cc,  and  add  5  cc.  of  a  saturated  solution  of 
ammonium  chloride.  Pass  hydrous  sulphur  through 
the  solution  for  half  an  hour.  A  drop  or  two  of 
ammonia  may  be  necessary  to  start  precipitation. 
The  official  method  recommends  the  hydrogen 
sulphide  for  one  hour,  but  I  have  found  half  this 
time  with  a  steady  stream  to  be  ample.  Remove 
beaker  from  generator,  retaining  tube  for  use  as  a 
stirring    rod. 

Filter  rapidly  through  a  double  12^  cm.  No.  41 
Whatman  paper,  wash  two  or  three  times  with  hot 
water  and  transfer  paper  entire  to  a  150  cc.  beaker. 
Do  not  scrub  the  sides  of  the  beaker  to  remove 
adhering  iDarticles  of  sulphide.  Pour  60  cc.  of 
1  :  5  sulphuric  acid  into  beaker  upon  filter  paper, 
and  break  up  latter  with  a  stirring-rod.  Boil  until 
all  sulphide  has  been  decomposed.  Filter  at  once 
into  original  beaker  in  which  precipitation  was 
made,  dilute  to  200  cc,  add  5  cc.  ammonium 
chloride  solution,  and  re-precipipitate  as  carmium 
sulphide,  using  original  glass  tubing  as  hydrogen 
sulphide  conveyor.  Filter,  and  wash  slightly,  as 
before.  Transfer  filter  paper  to  original  beaker 
in  which  precipitation  was  made,  and  boil  up  with 
60  cc.  of  a  1  : 3  hydrochloric  acid  solution.  Add 
a  few  drops  of  nitric  acid  in  order  to  oxidise  the 
sulphur. 

When  dissolved,  filter  into  a  200  cc.  electrolytic 
beaker,  and  wash  three  times.  Add  a  few  drops 
of  phenolphthalein,  then  an  excess  of  a  saturated 
NaOH  solution,  until  a  deep  red  is  obtained.  Add 
a  freshly  prepared  saturated  solution  of  KCX  until 
the  precipitated  cadmium  hydroxide  redissolves. 
Electrolyse,  keeping  solution  stirred  bv  air  or 
mechanically.  All  the  metallic  cadmium  is 
deposited  within  half  an  hour.  Strict  adherence 
to  the  directions  prescribed  by  the  official  method 
lengthens  the  time  for  the  determination  by  at 
lea.st  four  hours.  Weighing  a  sample  at  5  p.m., 
before  stopping  work,  and  digesting  it  overnight, 
makes  it  possible  to  finish  the  determination  before 
noon  the'  following  day."— H.  Isaacs,  Chemical 
Anah/st. — Enginearing  and  Mining  Journal,  Sept. 
28,    1918,   p.    584.      (H.    A.    W.) 
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American  Coal  Tar  Proui;cts  in  1917.— "Tho 
United  States  Tariff  Commission  has  just  com- 
pleted its  census  of  products  fur  1917,  and  pending 
the  publication  of  its  final  report,  the  following 
facts   are   available. 

Dijcs.—TXwix}  were  81  establisliments  engaged  in 
the  manufacture  of  dyes  in  1917,  and  tho  total 
production  amounted  to  ■t5,977,21tj  lb.  valued  at 
$57,796,027.  In  (piantity,  this  is  practically 
identical  with  the  inijjorts  before  the  war,  but  the 
nature  of  the  dyes  is  very  different.  Thus,  the 
highly  important  indigoid  and  alizarine  vat  dyes, 
aifter  subtracting  the  e.xtract  prepared  from 
imported  indigo,  only  amount  to  3%  of  the  pre-war 
imports.  The  lack  of  development  in  this  class 
should  be  remedied  this  year  as  several  firms  have 
begun  the  manufacture  of  various  members  of  the 
group  and  a  large  increase  in  the  production  is 
expected.  The  production  of  other  classes  of  dyes 
shows  big  increases,  a  surplus  being  available  for 
export.  During  the  fiscal  year  1917,  American- 
made  dyes  to  the  value  of  $11,709,287  were 
exported. 

Inti'rmedlat<!<  were  manufactured  by  117  firms, 
the  total  production  being  renorted  as  322,650,531 
lb.,  valued  at  $106,942,918.  *  These  figures  are 
really  too  high,  since  a  complex  derivative  is 
reported  as  well  as  the  simpler  derivatives  from 
which  it  is  derived.  Thus  each  product  in  the 
chain,  nitrobenzene,  aniline,  acetanilide,  nitro- 
acetanilide,  and  nitraniline  would  be  reported 
separately  and  the  total  i.«  thus  greatly  swollen. 
Other  products  included  5.092,558  lb.  of  colour 
lakes  valued  at  $2,764,064  ;  2,236,161  lb.  of  medi- 
cinal chemicals,  valued  at  $5,560,237  ;  779,416  lb. 
of  flavours,  valued  at  $1,862,456;  263,068  lb.  of 
photographic  chemicals,  valued  at  $602,281  ;  and 
19,545  lb.  of  perfumes,  valued  at  $125,960."— Oi7, 
Paint  and  Drurj  Ben.,  June  10.  1918.— /o»/r.  Soc. 
Chm.   Ind.,  July  31,   1918,  p.    288r.     (A.   W.) 


Eecovery  of  Selenium  and  Tellurium  in 
Copper  Refining. — "  In  the  electrolytic  refining  of 
crude  copper  bullion  the  selenium  and  tellurium 
present  are  concentrated  in  the  anode  slime,  from 
which  they  are  recovered  in  various  ways.  (1)  The 
button  of  noble  metals  obtained  by  cupellation  of 
the  slimes  with  lead  is  fused  with  sodium  carbonate 
and  nitrate ;  the  '  nitre  slag,'  which  contains  the 
bulk  of  the  selenium  and  tellurium,  is  extracted 
with  hot  water,  giving  a  solution  of  selenite  and 
tellurite.  (2)  The  flue  system  of  the  cupellation 
iurnace  is  equipped  with  a  scrubber  or  Cottrell 
apparatus.  In  both  cases  it  is  necessary  to  saturate 
the  gases  with  water,  and  the  water,  after  being 
circulated  repeatedly,  forms  a  cheap  source  of 
selenium.  The  wet  sludge  from  the  scrubber  is 
filter-pressed.  (3)  The  flue-du.st,  or  the  filter- 
pressed  sludge  from  (2)  is  roasted  at  a  low  red 
heat ;  crystals  of  selenium  dioxide  are  obtained  by 
cooling  the  roaster  gases  in  chambers.  (4)  The  flue 
dust,  instead  of  being  roasted,  may  be  extracted 
with  water,  selenium  dioxide  dissolving.  The 
residue  is  treated  with  sulphuric  acid  and  bleach- 
ing powder,  whereby  the  elementary  selenium  is 
oxidised  and  dissolved.  The  alkaline  solution 
obtained  under  (1),  on  being  acidified  with 
sulphuric  acid,  yields  a  precipitate  of  tellurous  acid. 
The  acid  filtrate,  or  the  solutions  obtained  under 
(2)  or  (4),  are  reduced  with  sulphur  dioxide  to 
precipitate  the  selenium.  The  latter  is  washed 
iree  from  acid  and  digested  with  boiling  water  to 


tiiuisform  It  into  the  black  modification.     The  dried 
tt'Uuroua    acid    precipitate    im    redii      '  ■     l;i,„p. 

black  or  ground  charcoal  in  a  cm.  e  and 

cast    into    cake    or    utick    form.     A      .v,    tho 

tellurous   acid    ma^-    be   diswolvt^l    in   lour   parts  of 
«tr.ing   hydrochloric  acid    and   the   solution    pr- '  ipi- 
tati'cl     with     ."iulphur    dioxide,     the    «.l 
diluted  but  not  to  sucli  a  degree  aM  to   ■  ic- 

i    tellurous    oxide."— M.     H.     AlKititiss     a.,.i     ii       j. 

I  Binder,  Hn-j  and  Mi/,.  J.,  i«ii«.  Un,,  n.M4.j.— 
Journal  „f  th<:  Society  of  Cliiiniral  /nduitnj. 
Nov.    15,    1918,   p.  657a.     (J.   A.   W.) 


IUlativk  Kffk  iK.Sf  y  ok  Motor  Fuels.- "In  a 
newly-published  book  '  Die  Treibmittel  der  Krafl- 
fahizeuge,'  by  Donath  and  Groger  (iJerlin, 
Springer,  1917),  an  account  is  given  of  experinientii 
with  different  motor-fuels  recently  carried  out  in 
Germany.  The  following  were  some  of  the  re(>ult» 
obtained  : — 

Petrol,   pure  ...      SB  km.  per  litre 

Benzol,    pure  ...       7-1 

1    Benzol   +1   Alcohol        75       ',',        ',', 

]         "        +2  „  7-2       „        „ 

1         „        4-3         „  7-0       „ 

1         ,.        +4  „  G-fi       „ 

1         M        +5  „  60       „ 

Alcohol,    pure  ...         54       ,, 

—Tiknisk  Uhehlad,  Christiana,  April,  1918.— 
Jnurnnl  of  the  Society  of  Chimiral  /ndu^'ru, 
June  29.   1918,  p.  240r.     (J.   A.    \V.) 


Use  of  Nitre-Cake  in  the  Manufacture  of 
Superphcsphate.— "A  successful  process  is  in  use 
for  the  manufacture  of  superphosphate  from 
Tunisian  phosphate  arid  nitre-cake.  The  nitre- 
cake  is  ground  in  an  ordinary  disintegrator  and 
if  ground  phosphate  is  gradually  mixed  with  it 
during  the  grinding  clogging  of  the  machine  is 
obviated.  It  has  been  found  necessary  to  add  to 
the  mixing  about  10%  of  hot  water  more  than 
is  present  when  sulphuric  acid  of  118°  Tw. 
(sp.  gr.  159)  is  used.  Comparatively  little  heating 
or  evolution  of  gas  occurs.  Analysis  of  the  product 
(after  two  weeks)  gave  16"36°o  of  water-soluble 
phosphate." — 54th  Annual  Report  on  Alkali  Works 
for  1917  by  the  Chief  Inspector,  10-20. — Journal 
(>f  the  Socitty  of  Chemical  Industry,  September  16, 
1918,  p.  522a.     (J.  A.  W.) 


Determination    of     Nitrites. — "  Nitrites    react 
with    hvdriodic    acid    according    to    the    equation  : 

*NaNO,+2HI  =  NaI  +  l4-NO  +  H,0. 
For  the  estimation  three  flasks  containing  respec- 
tively 50  cc.  of  i'-'o  potassium  iodide  .solution, 
10  cc.  of  X/l  sulphuric  acid,  and  the  solution  of 
the  nitrite,  are  connected  in  the  order  named  and 
the  air  is  displaced  by  a  current  of  carbon  dioxide. 
By  means  of  this  gas  the  potassium  iodide  solution 
is  then  driven  over  into  the  sulphuric  acid,  and 
then  the  mixture  in  the  second  flask  into  the 
third  containing  the  nitrite  solution.  The  liquid 
is  then  made  alkaline  by  the  addition  of  10  cc. 
of  a  20'^,,  solution  of  ammonium  carbonate  and 
titrated  with  A'/ 70  arsenious  acid  solution,  of 
which  1  cc.  =02  mgm.  of  nitrous  nitrogen.  Care 
must  be  taken  to  avoid  the  presence  of  oxygen 
until  the  solution  is  made  alkaline." — F.  Dienert, 
Compter  rend.,  1918,  167,  .366-367.— /ourna/  of  the 
Society  of  Chemical  Industry,  Oct.  31,  1918, 
p.   621a.     (J.  A.   W.) 
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Determixation"  of  Molvbdexvm  IX  Ferro- 
MoLYBDEXCM.  '*  Fioiii  Oo  tu  10  gm.  of  ferro- 
molybdenum  is  decomposed  by  fusion  with  10  gm. 
of  sodium  peroxide  in  an  iron  crucible,  the  melt 
dissolved  in  warm  water,  boiled  for  a  short  time, 
and  washed  into  a  500  cc.  flask.  After  settling, 
100  cc.  of  the  liquid  is  neutralised  with  acetic  acid, 
the  solution  boiled  for  a  short  time,  and  the  follow- 
ing freshly  prepared  solutions  quickly  added  in 
succession  :  (1)  2 — 5  gm.  of  lead  acetate  and  2  cc. 
of  acetic  acid  in  50  cc.  of  water,  and  (2)  10  gm. 
of  ammonium  acetate  in  the  same  quantity  of 
water.  Boiling  is  continued  for  a  few  minutes 
and  the  solution  is  then  allowed  to  stand  for  six 
hours,  after  which  it  is  filtered  through  filter-pulp. 
The  precipitate  is  washed  with  about  200  cc.  of 
ammonium  acetate  solution,  and  is  then  transferred, 
together  with  the  moist  filter-pulp,  to  a  beaker  in 
which  it  is  heated  to  boiling  with  20  cc.  of  dilute 
nitric  acid,  after  which  a  solution  of.  10  gm.  of 
ammonium  acetate  and  5  cc.  of  dilute  acetic  acid 
in  50  cc.  of  water  is  added.  The  solution  is  boiled 
for  one  to  two  minutes,  filtered  after  12  hours,  and 
the  residue,  aft-er  having  been  washed  with  hot 
ammonium  acetate  solution  until  the  filtrate  is  free 
from  lead,  is  dried,  incinerated  at  the  lowest 
possible  temperature,  ignited,  and  weighed  as 
PbMoO,."— R.  Strebixger,  Oesferr.  Chem.  Zeit., 
1917,  -''/,  226-228:  Z.  aiu/ew.  Chem.,  1918,  31, 
Ref.,  278. — Journal  of  the  Society  of  Chemical 
Industry,  Oct.    31,   1918,  p.   625a.     (A.   W.) 


IxDrsTRiAL  Developmexts  Relatixg  to  the 
Maxx-facture  of  Acetic  Acid  axd  Acetoxe. — "On 
the  oubreak  of  war  the  demand  for  acetic  acid 
and  acetone  rose  to  such  an  extent  that  the  output 
of  the  w^ood-distillation  industry  was  totally 
inadequate  to  meet  the  requirements.  Working  in 
conjunction  with  the  British  Government,  the  U.S. 
Industrial  Chemical  Co.  erected  a  large  plant  which 
is  now  producing  acetic  acid  by  the  oxidation  of 
alcohol  obtained  from  molasses  by  the  quick 
fermentation  process.  The  plant  has  an  output  of 
70,000  lb.  of  acetic  acid  (calculated  at  100%)  per 
day.  The  oxidation  of  the  alcohol  to  acetic  acid 
is  effected  in  generators  filled  with  beech  shavings. 
It  is  most  probable  that  this  process  will  not  be 
profitable  under  normal  conditions.  Acetone  is 
also  produced  in  Toronto  and  in  the  United  States 
by  the  Fernbach  process,  in  which  .starch  from 
maize  or  other  grain  is  fermented  by  a  special 
ferment,  which  resolves  the  carbohydrate  into  a 
mixture  of  butyl  alcohol  and  acetone.  The  output 
of  acetone  at  the  Toronto  plant  is  100  tons  per 
month,  and  at  the  United  States  plant  nearly 
250  tons.  A  process  has  been  worked  out  into 
operation  in  Canada  (output  56,000  lb.  of  100% 
acetic  acid  per  day)  which  is  based  on  the  German 
patents  for  the  manufacture  of  acetic  acid  from 
acetylene.  When  acetylene  gas  is  pas.sed  through 
a  solution  of  a  mercury  salt  in  dilute  acid,  it  com- 
bines with  the  water  yielding  acetaldehyde,  which 
is  readily  converted  by  atmospheric  oxygen  into 
acetic  acid.  The  process  is  important  as  a  potential 
source  ultimately  of  cheap  acetic  acid,  and  of 
acetaldehyde  for  probable  new  industrial  use.s.  In 
Germany  and  in  Switzerland  large  electrical  instal- 
lations have  been  erected  for  the  manufacture  of 
alcohol  and  acetic  acid  from  calcium  carbide.  The 
wood-di.stillation  industry  is  threatened  with 
dangerou.sly  keen  competition  in  the  future. 
Development    on   scientific    lines,    and   research    for 


the  exploitation  of  untapped  sources  of  revenue 
in  the  acetone,  crude  acetone  oils,  and  wood  tar 
are  imperative"  —  H.  Hibbert,  Chem.  .ind  Met. 
Eng.,  1918,  19,  Z97-i00.— Journal  of  the  Society  of 
Chemical  Industry,  Nov.  15,  1913,  p.  671a. 
(J.   A.   W.) 


METALLURGY. 

Refractory  Properties  of  Magnesia. — "  Mag- 
nesia is  now  largely  employed  in  the  manufacture 
of  high-grade  .refractory  materials,  the  use  of  which 
in  steel  works  has  kept  pace  with  the  development 
of  the  basic  process.  In  this  process,  the  refining 
of  the  metal  is  effected  in  presence  of  a  slag  rich 
in  lime — that  is  to  say,  highly  basic,  the  result 
being  to  eliminate  not  only  carbon,  silica,  and 
manganese  from  the  cast  iron,  but  also  phosphorus, 
which  cannot  be  removed  in  the  presence  of  a  slag 
rich   in  silica,    i.e.,   of   acid   character. 

It  would  be  impossible  to  make  use  of  basic  slags 
in  a  furnace  lined  entirely  with  silica  or  clay 
bricks,  as  these  materials  weaken  too  quickly  in 
the  presence  of  lime.  Magnesia  bricks,  on  the 
contrary,  being  themselves  basic  in  composition, 
offer  complete  resistance.  In  all  basic  furnaces  the 
lower  part  of  the  vertical  walls,  and  often  the 
sole  itself,  is  built  of  magnesia,  the  arch,  however, 
being   always   composed   of   silica   bricks. 

Magnesia  bricks  are  extremely  refractory.  Pure 
magnesia  melts  only  at  a  temperature  of  2,400°,  or 
thereabouts — a  temperature  700°  higher  than  that 
of  the  steel  furnace.  Still,  pure  magnesia  is  never 
used  in  the  manufacture  of  bricks,  variable  propor- 
tions of  iron  oxide  being  added— an  addition  of 
which  gives  to  the  bricks  their  brownish  hue.  This 
iron  may  also  be  present  as  carbonate,  in  the  raw 
material,  isomorphically  mixed  with  the  native 
carbonate  of  magnesia.  The  brick  also  contains 
silica  and  a  little  alumina,  derived  probably  from 
the  magnesium  silicates  associated  with  the  coal, 
or  else  from  the  ash  of  the  fuel  used  in  the  firing- 
process.  All  these  impurities  necessarily  increase 
the    fusibility   of    the    mass. 

The  writers,  in  giving  their  conclusions  after 
tests  on  the  refractory  properties  of  magnesium 
bricks,  add  the  comparative  results  of  their  experi- 
ments on  a  ferro-chromium  brick.  In  building  the 
furnaces  such  brick  is  employed,  in  order  to 
separate  magnesium  bricks  from  the  silica  bricks, 
since  the  direct  contact  of  the  basic  and  acid 
materials  would  provoke  mutual  fusion.  Ferro- 
chrome,  on  the  contrary,  acts  neither  on  the  silica 
nor  on  the  magnesia  bricks. 

The  test  pieces  were  the  ordinary  bricks  or 
specimens  made  at  the  laboratory.  To  obtain  a 
standard  for  comparison,  an  attempt  was  made 
to  prepare  a  block  of  very  pure  magnesia  by 
melting  the  precipitated  magnesia  in  the  electric 
furnace ;  but  at  the  high  temperature  necessary 
for  this  fusion,  the  lime  of  the  furnace  walls  and 
the  impurities  present  volatilised  and  affected  the 
mass.  Therefore,  a  combined  mass,  containing  only 
94%,  of  magnesia — just  about  equal  to  a  well-made 
factory  brick — was  obtained. 

The  following  is  a  list  of  the  test  pieces  : — (1) 
Styria  brick,  baked  at  1,450°,  made  in  1890, 
ordinary  quality ;  (2)  Eubee  brick,  made  in  1910, 
good  quality  ;  (3)  brick  G,  good  present  day  manu- 
facture ;  (4)  Brick  B,  mediocre  quality,  made  with 
3%  of  roasted  pyrites  added  to  the  paste  ;    (5)  pure 
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magnesia,  melted  in  the  electric  furnace ;  (ti) 
|)ieniii'r  matter  for  H  at,'fri.muTate(l  in  the  electric 
fiiniace  ;    (7)    ferroclirome    brick. 

Crmhimj    SlrviKjdi. 

(Kilo^M-ammes    per   square    ccntimutre,, 

Temperature,    of.     ...       15     1000     1300     1500     1000 

1  145       85         66        3-0        18 

-'  420       —        —       185        8 

:i  390       —        _     KSO        48 

4  230      —        _         10        :}■-, 

J  —      —        —     K90        C.C. 

'»  530       --         _       _-        500 

~  260     120  0  2        1 

111  t'uitlitr  e.\periment.s  carried  out  on  Xcs.  1 
and  2,  there  appeared  a  sharp  decline  in  the  crusli- 
ing   strengtii    for    tiie    Styrian    brick    (the    less    pure 

('hi)iiic 
1 
Magnesia  ...  ...  SC" 

Lime  ...  ...  ...  \-() 

Iron    oxide    (Fe203)     ...  ...  G'O 

Alumina  ...  ...  ...  OG 

Silica  ...  ...  ...  67 

Chrome    oxide  ...  ...  — 

Manganese    oxide  ...  ...  — 


cdnlimidii.s  nlMrt  would  be  increased  owing  to  the 
engineering  devices  found  nece«8ury.  The  cost  of 
a  300  tons  a  day  coking  plant  before  the  war  would 
be  appro.\iinately  £5(1,000  tu  £60,000,  and  this 
figure  has  been  taken  a.-*  repre«enting  the  capital 
outlay. 

Cuul. — Tiie  value  of  tile  coal  and  the  resulting 
fuel  would  be  interdependent ;  for  that  reason,  the 
price  of  the  coal  has  been  arbitrarily  fixed  at  lOs. 
per  ton  of  unwashed  small. 

Ldhiiiir  is   figured   at 
i/.ed. 

I'owif,  .■ileum,  etc. — Tliis  figure  would  again  vary 
with  the  type  of  |)lant  erected.  In  a  vacuum  plant 
the  power  consumption  would  exceed  that  of  a 
coke-o\en    plant,    and    tin-    .-niic    tliiti/    would    apply 
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per  t<jn  of  coal  carbon- 
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of  the  two,  between  1.300°  and  1,400°.  and  the 
same  for  the  Eubee  brick,  1,500°  and  1,600°.  All 
magnesia  bricks  exhibit  this  sudden  drop  in  resist- 
ance at  a  more  or  less  higli  temperature,  according 
to  their  degi'cc  of  purity.  It  would  appear  as 
though,  at  a  high  temperature,  the  foreign  ingre- 
dients ."uddeiily  melt  in  such  a  way  as  to  leave 
the  grains  of  magnesia  isolated  in  the  molted 
magma  ;  they  are  then  like  wet  sand,  and  possess 
only  a  feeble  mechanical  resisting  power.  The  best 
magnesia  bricks  exhibit  at  1,600°  a  crushing 
strengtii  much  inferior  to  that  of  good  silica  bricks. 
Moreover,  at  these  high  temperatures  deformation 
of  the  magnesia  bricks  is  to  be  expected  as  with 
clay  bricks,  but  they  give  way  gradually  instead  of 
breaking  abrui)tly  like  the  silica  type.  In  cooling 
the  weakened  part  resumes  its  hardness  after  the 
solidification   of  the  molten  magma. 

The  results  of  the  experiments  explain  why 
magnesia  bricks  in  furnace  linings  present  less 
resistance  than  silica,  although  their  fusion  tem- 
perature (when  sheltered  from  all  mechanical 
stress)  mav  be  remarkablv  liiiiher — 2.050°  C.  in- 
stead   of    1,750°. 

The  rate  of  the  drop  in  resistance  observed  in 
the  ferro-chrome  brick  is  analogous  to  that  of  the 
magnesia,  with  a  much  lower  temperature  for 
rapid  loss  of  solidity,  viz.,  1,100°  instead  of 
1,350-1.550°,  according"  to  the  purity  of  the  mag- 
nesia."—H.  Le  Ch.atelier  and  B.  Bogitch.--- 
Chemioil  /•Jni/incnriiKj  and  Minim/  Rrrieir.  July  5. 
1918.    p.    321.'     (H.    A.    W.) 


in   the   lase   of   certain   types  of   continuous   plants. 
For    purposes   of    estimation    the    figure   of    4d.    per 
ton  has  been  taken  as  the  cost  of  steam  and  power. 
I{vj)air.<    and    iiiainti;naiicp. — The    advantages    of 
wiirking    at    low    temperatures    would    in    this    case 
again   be  counterbalanced   by  the   increased   number 
of    units.        In   the   case   of    continuous    plants   this 
figure    would    probably    be    high,    but    it    would    be 
counterbalanced   by  reduced  labour  charges. 

Depreciation  and  inft'.n:<t  is  assumed   to  be   15%. 
Store.<,    etc. — A    figure   of    2d.    per   ton    has   been 
assumed . 

The   following    is   an    estimate   of    the   expendi- 
ture   in    a    plant   carbonizing    300    tons   of    coal   per 
day.        Assuming  300   working  days  a  year,   90,000 
tons  of  coal  per  annum  would  be  treated. 

Coal    wa</i  in  (/.—Assume    unwashed    coal    at    10s. 
per  ton.     Cost  of   washing   6d.    per  ton.       Assume 
25 °o    loss  in    washing.     Then   cost  of  coal   to  ovens 
=  14s. 
/'Expenditure.  £ 

Coal,  90,000  tons  at  14s.   ...  ...     63,000 

Labour    ...  ...  ...  ...       9,000 

Repairs   and    maintenance  ...       1,500 

Steam   and   power  ...  ...       1,500 

Interest    and    depreciation  ...       9,000 

Stores       ...  ...  ...  ...  750 


MISCELLANEOUS 
Costs  .\xd  Profits  of  Low  Temper.\tuue  C.\r- 
BONiz.\Tiox  OF  Co.\L. — "  Cost  of  Plant. — This  would 
depend  on  the  type  of  installation  that  would  be 
found  serviceable"!  At  first  sight  a  low  temperature 
plant  working  at  only  500°  CC  would  be  less  costly 
than  a  coke-oven  plant  working  at  1,000°.  If  tlie 
stationarv  type  of  retort  were  erected,  this  factor 
would  be  counterbalanced  by  the  greater  number 
of    units    found    necessarv,    whilst    the    price    of    a 


£84,750 
Ihceipl.^  would  be  made  up  of  the  values  of  the 
coke,    tar,    sulphate    of    ammonia,    and    light    spirit 
produced. 

Cohe. — The  character  of  the  resulting  smokeless 
fuel  would  depend  on  a  number  of  factors,  the 
most  important  being  the  nature  of  the  coal  used, 
temperature  rif  carbonization,  time  of  carboniza- 
tion, thickness  of  coal  charge,  type  of  retort  used, 
and  gas  pressure  under  which  carbonization  is 
effected.  Of  these  the  first  is  easily  the  most 
important.  As  a  genera!  rule  the  coke  from  highly 
oxygenated  coals  (humic  coals)  has  a  higher 
calorific  value  than  the  coals  themselves,  while 
with  other  coals  the  calorific  value  is  lower.     Fur- 
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ther,  humic  coals  yield  a  friable  powdery  coke, 
whilst  resinous  coals  yield  a  porous  coke  wliich  is, 
however,  fairly  strong  if  carbonized  under  suitable 
conditions. 

By  judiciously  mixing  the  coals  used  an  excel- 
lent product  can  be  obtained  which  has  qualities 
which  make  it  superior  even  to  the  large  coal.  In 
most  low  temperature  schemes  it  is  assumed  that 
the  resulting  fuel  has  a  value  (on  a  pre  war  basis) 
of  from  25s.  to  35s.,  but  if  low  temperature  car- 
bonization were  adopted  on  a  large  scale  it  is 
extremely  doubtful  whether  the  price  would  be 
much  greater  than  tljat  of  the  large  coal. 

As  a  general  rule  the  difference  in  price  between 
large  and  small  coal  varies  from  7s.  tu  10s.  per 
ton.  With  the  small  coal  in  this  case  at  10s.  per 
ton,  and  allowing  for  the  fact  that  it  has  been 
washed,  it  is  perfectly  justifiable  to  take  the  value 
of  the  resulting  fuel  at  '20s.   per  ton. 

For  purposes  of  this  estimate  it  is  assumed  that 
the  yield  of  large  fuel  is  70%,  together  with  10% 
of  breeze.  The  breeze  could  probably  be  reduced 
by  the  preliminary  preparation,  but  even  then  it 
would  be  higher  than  is  the  case  in  coking  prac- 
tice. 

The  value  of  the  breeze  is  taken  as  being  equal 
to  that   of   the  initial   unwashed   small   coal. 

Tar. — The  value  of  this  substance  is  difficult  to 
ascertain  under  present  conditions.  Further,  the 
cost  of  purification  is  difficult  to  calculate.  The 
process  of  purification  will  have  to  be  worked  out 
very  carefully,  otherwise  the  percentage  losses 
would  be  very  high.  Taking  its  constituents  in 
detail,  however,  the  probability  is  that  the  sub- 
stance will  prove  to  be  a  valuable  product.  Tar 
acids  to-day  are,  of  course,  at  a  high  figure,  but 
even  after  the  war  there  will  be  a  heavy  demand 
for  creosoting  materials,  and  this  constituent  of 
the  tar  will  therefore  probably  prove  valuable. 
The  light  oils  and  middle  oils  of  the  tar  would 
probably  attain  a  fair  price  owing  to  the  growing 
demand  for  petroleum  products  of  all  kinds.  The 
value  of  the  pitch  is  at  present  an  unknown  quan- 
tity. With  its  freedom  from  so-called  free  carbon 
and  a  constitution  more  nearly  approaching  oil 
pitch  than  coal-tar  pitch,  there  seems  to  be  every 
prospect  of  its  finding  a  ready  market.  Taken  alto- 
gether, the  value  of  low-temperature  tar  would 
probably  prove  to  be  at  least  as  high  as  that  of 
high-temperature  tar  ;  it  may  easily  be  higher,  but 
to  be  on  the  safe  side  a  value  of  2d.  per  gallon  has 
been  assumed,  with  a  yield  of  15  gallons  per  ton 
of  coal  carbonized. 

Light  spirit  should  prove  an  excellent  motor 
spirit.  A  yield  of  2  gallons  a  ton  is  assumed,  and 
a   value  of  Is.   per  gallon. 

Sulphate  of  ammonia. — The  yield  of  this  sub- 
stance varies  considerably  with  different  coals,  and 
rapidly  rises  after  a  temperature  of  500°  C.  is 
passed.  As  far  as  the  author's  experience  goes, 
the  yield  of  ammonia  at  500°  C.  is  considerably 
lower  than  the  20  lb.  to  30  lb.  per  ton  of  coal 
usually  quoted,  and  a  figure  of  only  10  lb.  per 
ton  of  coal  has  therefore  been  taken  for  purposes 
of  this   estimate. 

Ga-i. — The  yield  of  gas  at  500°  ('.  is  usually  given 
at  5000  cubic  feet  per  ton.  This  again  is  consider- 
ably higher  than  the  quantity  found  by  the  author 
with  most  coals.  Humic  coals  sometimes  yield 
large  quantities  of  gas  at  low  temperatures,  but 
this    is    often    contaminated    with   high    percentages 


of  carbon  dioxide.  On  the  whole  it  is  better  to 
assume  a  gas  yield  sufficient  to  heat  the  oven,  but 
insufficient  to  give  any   surplus. 

On   the   basis   of   these   assumptions   the    revenue 
side  of  the  accounts  gives  the  following  figures  : — 
Ifrceipi.^.  £ 

Coke,  (33.000  tons  at   £1   ...  ...     G3,000 

Breeze.    9000   tons   at    10s.  ...       4,500 

Tar,   1,350,000  gaUons  at  2d.  ...     11,250 

Light  spirit,  180,000  galls,  at  Is.  ...       9,000 

Sulphate    of    ammonia,    400    tons    at 
£10    per   ton      ...  ..  ...       4,000 


£91,750 


Profit  per  annum,   £7,000. 

The  resulting  profit  can  scarcely  be  described  as 
startling,  and  it  certainly  does  not  attain  the  glow- 
ing dimensions  generally  promised  in  the  initial 
prospectuses  of  companies  interested  in  low  tem- 
perature carbonization. 

On  the  other  hand  the  figures  are  distinctly  con- 
servative, and  err  probably  on  the  low  side.  There 
is  also  ample  room  for  improvement  on  both  the 
debit  and  the  credit  sides  of  the  account.  Reduced 
labour  and  capital  charges  would  make  a  great 
difference  to  the  cost  sheet.  On  the  other  side  also 
there  is  ample  scope  for  considerably  improved 
figures.  As  far  as  the  carbonization  of  bituminous 
coal  is  concerned,  the  author  is  not  inclined  to  fix 
too  high  a  value  for  the  tar.  The  profits  will  be 
made  primarily  on  the  solid  fuel ;  the  Coalite  pro- 
cess certainly  showed  that  there  was  a  demand  for 
smokeless  fuel,  and  if  the  country  wants  this  fuel 
it  will  certainly  pay  for  it.  There  is  no  reason 
also  why  the  temperature  should  be  limited  to  the 
500°  C.  assumed  in  the  above  estimate.  This  figure 
has  been  selected  because  the  solid  residue  at  that 
temperature  is  a  free-burning,  easily  ignitable  pro- 
duct. But,  under  certain  conditions,  the  carboniza- 
tion temperature  could  be  increased  considerably 
beyond  500°  and  still  leave  an  excellent  fuel.  The 
finest  domestic  fuel  ever  tested  by  the  author  had 
been  carbonized  at  temperatures  up  to  800°  C,  and 
contained  only  4%  of  volatile  matter.  The  author 
is  of  opinion  that  the  logical  line  of  development  in 
coal  carbonization  lies  in  the  direction  of  a  frac- 
tional distillation  of  the  coal,  the  tars  being  ex- 
tracted at  a  temperature  sufficiently  low  to  avoid 
the  possibility  of  secondary  reactions,  and  the 
temperature  afterwards  raised  to  drive  off  the 
ammonia  and  a  large  proportion  of  the  gas.  Such 
a  procedure  would  not  only  increase  the  yield  of 
by-products,  but  would  result  in  a  firmer  and  denser 
coke  with  a  consequent  considerably  reduced  pro- 
portion of  breeze. 

Lastly  there  is  the  question  of  the  coal  used. 
The  estimate  has  been  based  on  the  use  of  high- 
grade  small  coal  (an  unwashed  small  coal  fetching 
a  pre-war  price  of  10s.  per  ton  can  certainly  be 
considered  a  fairly  good  product).  There  are  coals 
(like  Yorkshire  unwashed  smudge,  for  example) 
which  sold  in  pre-war  days  for  considerably  less 
than  this  figure,  and  in  such  cases  low  temperature 
carbonization  offers  a  prospect  of  an  excellent  finan- 
cial return." — Article  bv  Edgar  C.  Ev.\ns,  Jour. 
Sac.  ChPni.  Intl.,  Julv  31,  1918,  pp.  217-8t. 
(A.    W). 

XoTE. — The  article  is  well  worth  attention  l)y 
coal   owners  in   South   Africa. 
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South   African    (Jhasses    for    I'ai-h;    .M\kini; 
"A    large    iiuniU-r    of    gnisscs    from    Soulli    Afrioi 
have     recently     been     examined     by     the     Imperial 
Institute,    with    the    following    resuks  : — 
No.    1. — Johnson    grass.— Sorghum    halepense. 
Nil.    -.'.-Thatching   grass    (Dek    gras).--Anclropogoii 

Buchananii. 
No.    3. — TambooUie  grass.— Andropogon    Dregeanus. 
No.    4. — Tambookie    grass. — Andropogon    Auetus. 
No.    0. — Tambookie   grass. — Andropogon    hirtiflorus. 
No.  1.   No.  2.   No.  3.   No.  4.   No.  5. 
o;  o  o  o,'  o/ 

,,     .  /o  o  ,o  /o  /o 

Moisture  W?,       Krl         Oi'         91         S"? 

Ash  74         C.H         f.j         71         3-8 

SiO„    in    Ash    ...       —  —        ,")to       (j;js       391 

Cellulose  ...     52'3       538       M' \       J3o       55'8 

The  samples  were  e.xamined  as  paper  making 
materials  by  treatment  with  varying  (piantities  of 
caustic  soda  under  conditions  similar  to  those  used 
in  the  production  of  paper  pulp  on  a  large  scale, 
with   the  following   results. 

Yields  of  dry  pulp  expressed  on  grass  as  received 
No.   1.        No.  2.        No.   3.        No!  4.        No.  5. 
48%  50%  45%  47^',,  52% 

The   final  reports   in   abstract   are  as   follows  : — 
No.    1. — Shrinks   greatly    on    drying,    and    does    not 
bleach    easily.     Principal    use    would    probably 
be  locally  for  wrapping  papers  in,  also  possibly 
for  special  kinds  of  parchment  papers. 
No.    2. — Promising  material    for   local   manufacture, 

or  conversion  to   '  half   stuff  "   for  export. 
Nos.   3  and   4. — Yielded   pulp  of  good   (|uality,   and 
good    brown   papers  could   be   made   from   them 
by    treatment    with    small    amounts    of    caustic 
soda,  and  with  larger  amounts  the  pulps  could 
be   readily   bleached   and    used  for   manufacture 
of   white   paper  of  good  quality. 
No.   5.— This  grass  would  be  quite  suitable  for  the 
manufacture    of    paper    pulp    on    a    commercial 
scale." 
— Bullitin    of    the    Imperial    In-'titute,    Vol.     xvi.. 
No.    2,    1918,    pp.    127-134.     (J.    A.    W.) 
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SoMF.  Developments  in  Industry  During  the 
War. — "Mr.  F.  Kellaway,  M.P.,  Parliamentary 
and  Financial  Secretary  of  the  Ministry  of  Muni- 
tions, deli\ered  an  address  on  this  suliject  at  a 
meeting   of    the    Industrial    Reconstruction    Council. 

He  confined  his  remarks  to  certain  developments 
that  had  taken  place  in  industry  during  the  war. 
The  war  had  revealed  with  pitiless  accuracy  the 
defects  in  our  industrial  equipment.  Many  of 
these  defects  had  already  been  overcome,  and  the 
I'nited  Kingdom  wag  7iow  first  in  almost  every 
sphere   of    industrial   effort. 

Germany,  previous  to  the  war.  had  established 
a  predominant  position  in  the  electrical  industry 
which  would  not  have  been  ])ossible  without  the 
supplies  of  mica  brought  from  India  and  other 
parts  of  the  British  Empire.  India  produced  50% 
of  the  worlds  supply,  and  Canada  15%  :  Germany  | 
formerly  produced  10%  in  German.  East  Africa. 
But  at  the  outbreak  of  war  the  mica  market  of 
the  world  was  on  the  point  of  being  transferred 
from  London  to  Hamburg,  thanks  to  the  skill  with 
which  Germany  had  obtained  a  large  measure  of 
control  of  the  Indian  mines.  Germany  took  47.000 
cwt.  of  the  India  mica  in  1913,  50%  of  our  total 
imports  from  India  in  that  year  being  re-exported  , 
to  Germany.  Indian  mica  could  now  be  exported  | 
to  London  only,  and  the  mica  in  German  East 
.\frica    war-    '^eing    worked     and    obtained    by    the 


Mn>        .  -Munilion.^. 

iiiduHlry  liad  taken  the  place  pr<-\ioUhly  lield  by 
Germany  and  .\u.stria,  and  wah  now  the  firm  iii 
the    World. 

i'iie  ipianlily  of  furru  chionH-  produced  in  the 
Inited  Kingdom  prior  to  the  war  wah  practically 
negligibli',  but  a  plant  had  now  been  establiHliecl 
at  .Newcastle  wuHicient  to  meet  our  recpiiremenlH 
lor  many  years  to  <-onie,  the  power  being  obtained 
from  waste  gases  from  coke  oven.s,  and  the  induistrv 
would  compete  successfully  with  the  cheap  water 
power  of  Scandinavia. 

.\u8tralia  iiad  practically  unlimited  deposits  of 
zinc  ore.  Germany  obtained  control  of  thene,  and 
imported  from  Australia  a  large  [Kirtion  of  her 
.-iipplies.  The  zinc  con<entrate»  now  flowed  from 
-Australia  to  this  country,  and  zinc  .smelters'  plantN 
were  (loubled,  and  in  .some  cases  trel)le<i.  The 
shipping  jiosition  from  .Australia  became  so  .serious 
that  all  shipments  of  zinc  ore  from  that  <p:arter 
had  to  cease,  but  that  difficulty  sliould  .s<ion  dis- 
appear, and  the  home  pniduction  of  spelter  should 
reach  14(i,(iOO  tons  per  annum,  as  again.st  32,0(iO 
tons  before  the  war.  The  pmductictn  of  zinc  o.\ides 
had  al.so  been  encouraged,  and  on  a  war  i)asis  we 
were    self-supporting 

We  formerly  depended  upon  Germany  for  <iur 
supi)lies  of  30,000  tons  of  potash  per  annum, 
entirely  from  the  Strassfurt  mines.  It  had  since 
lieen  found  that  .:>(),000  tons  of  potash  was  going  to 
waste  everv  year  in  this  country,  in  the  dust  or 
fumes  from  blast-furnace  gaSes.  The  only  known 
method  of  collecting  those  du.sts  was  "  by  the 
HalbergHeth  .system — a  Geiman  invention.  The 
design  had  been  modified  to  ensure  greater  reliabi- 
lity and  lower  capital  cost  and  to  produce  the 
quantity  of  steel  which  it  was  necessary  to  use. 
Plants  in  hand,  including  .some  without  those 
modifications,  should  produce  18,000  tons  of  potash 
per  annum.  Gas-cleaning  plants  were  beini;  erected 
at  two  blast-furnace  works,  which  should  produce 
I.IUKI  tons  per  annum.  Other  .sources  of  potash 
were  being  investigated,  and  we  ought  t(»  be 
independent  of  foreign  supplies  in  a  comparatively 
short  time.  Germany  had  relied  on  her  practical 
monopoly  of  natural  deposits  of  potash  in  Europe 
to  enable  her  to  bargain  fur  the  recovery  of  her 
world   market,    but    she    would    be   disappointed. 

The  machine-t(Kil  industry  was  one  that  pre- 
sented us  with  what  looked  like  an  almost  insoluble 
problem  at  the  beginning  of  the  war.  but  the 
position  had  been  met  with  astonishing  success, 
having  regard  to  the  difficulties  which  the  manu- 
facturers had  experienced  in  obtaining  the  neces- 
sary skilled  labour.  Whil?  ftp  had  never  had  as 
many  machine  tools  as  we  could  have  utili.sed.  our 
munitions  supply  had  never  been  jeojiardi.sed 
thereby.  The  output  in  this  country  prior  to  the 
war  was  valued  at  £4,000,000  per  annum.  For 
1917  the  output  was  increased  to  £6,500.000.  based 
on  pre-war  prices,  or  £10.000.000  at  war  prices. 
Specialisation  had  been  so  fuUv  developed  that  it 
was  highly  probable  the  manufacturers  would  con- 
tinue to  specialise.  Our  output  showed  an  increa.«e 
of  66°,  in  1917  over  pre-war  production,  compared 
with    the    German    increase    of    23%. 

With  regard  to  engineering  methods,  great 
advances  had  been  made  in  the  improvement  of 
machinery,  in  accuracy  of  work,  and  in  efficiencv. 
which  was  the  result  of  the  necessity  of  organising 
for  the  production  of  interchangeable  repetition 
work.     In    many    shops    the    apparently    fine    limits 
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which  war  work  retjuired  caused  considerable  dis- 
may at  the  start,  iiiaiiy  old  iiiachiiies  were  foiiiiil 
to  be  unsuitable  for  giving  the  accuracy  whicli 
iiuercliaugeability  necessitated,  and  fresh  machines 
had  been  put  down  which  were  in  every  way  more 
ethcient.  increased  efficiency  of  production  had 
been  secui-ed  by  the  increased  use  of  milling 
machines,  unpruvements  in  screw  threads,  develop- 
ment in  drop  stampings,  and  increased  use  and 
delicacy  of  gauges  and  die  castings.  All  this  had 
led  to  "a  realisation  of  the  importance  of  having  an 
up-to-date  tool  room,  where  the  tools  were  made 
by  men  expert  in  that  work,  and  the  importance 
had  aist)  been  realised  of  the  use  of  "  gigs.'  A  great 
advance  had  also  been  made  in  shop  transport.  In 
addition  to  mechanical  conveyors,  tiiere  were  also 
in  universal  use  electrical  trucks,  with  or  without 
trailers,  and  platforms  or  skids  on  runners  which 
could  be  lifted  on  low  trucks  on  wheels  and  run 
to  the  desired  position  and  deposited  \\ith  their 
loads   of    work   exactly    where   they    were   required. 

As  an  instance  of  the  imjDortance  of  scientific 
knowledge  as  an  aid  to  production,  Mr.  Kellaway 
mentioned  the  study  which  had  been  made  of  alloy 
steel  giving  high  strengths  which  had  allowed  of  its 
employment  for  aeronautical  purposes,  lightening 
the  aeroplanes  and  allowing  (jf  better  performance. 
The  same  held  good  to  a  certain  extent  of  the 
light  alloys  employed  for  aircraft  work.  None  of 
the  other  advances  made  in  this  war  could  be  com- 
pared with  that  made  on  aeronautical  work.  Air- 
craft engines  had  not  only  become  more  powerful 
but  their  weight  per  liorse-power  had  decreased  to 
about  one-tliird  of  what  it  was  at  the  beginning  of 
the  war,  and  it  was  not  too  much  to  hope  that 
before  long  the  weight  of  the  engine  would  be  the 
same  as  the  h.p.   in  lb. 

Prior  to  the  war  the  optical  and  scientific  instru- 
ment industry  in  this  country  was  in  a  lamentable 
condition,  but  our  output  had  now  increased  twenty 
times,  and  we  were  self-supporting.  Our  pre-war 
output  of  optical  glass  was  10%  of  our  require- 
ments, &0'\.  coming  from  Germany  and  Austria, 
and  30%  from  France.  Our  output  was  now  in 
excess  of  that  whicli  could  be  absorbed  in  this 
countrj-,  and  we  must  look  to  the  development  of 
foreign  markets,  which  were  previously  the  mono- 
poly of  Zeiss,  of  Jena,  for  disposing  of  the  balance. 
Prior  to  the  war  the  furnace-made  scientific  glass 
used  in  this  country  was,  almost  w-ithout  exception, 
obtained  from  Germany  and  Austria.  A  few  small 
firms  here  were  capable  of  making  a  limited  number 
of  articles  of  lamp-blown  scientific  glassware,  but 
beyond  that  our  requirements  were  met  by  supplies 
originating  in  Germany  and  Austria.  The  turnover 
of  our  scientific  glassware  industry  was  now  more 
than  £600,000  per  annum.  Prior  to  the  war  the 
whole  of  the  glasses  for  miners'  safety  lamps  and 
oil-lamp  chimneys  were  obtained  from  abroad, 
mainly  from  Germany  and  Austria,  and  75%  of 
the  glass  bulbs  tubing  and  rod  for  electric  lamps 
also  came  from  Germany  and  Au.stria.  The  Home 
Office  had  to  relax  the  stringent  conditions  with 
regard  to  quality  and  dimensions  of  glasses  for 
miners'  .safety  lamps.  The  Home  Office  came  to 
the  Ministry  r.f  Munitions  for  a.ssistance.  and  they 
were  now  producing  sufficient  supplies  of  the  right 
quality,  and  this  country's  output  was  sufficient  to 
meet  all  our  requirements.  Before  the  war  our 
output  of  hulbs  for  electric  lamps  was  approxi- 
mately 12  millions  per  annum,  and  three  out  of 
everv'   four    electric    light    bulbs    in     u.se     in     this 


country  were  imported,  principally  from  Germany 
and  Austria.  We  were  now  manufacturing  suffi 
cient  to  meet  our  essential  needs."" — F.  Kki.l.wv.w. 
— Iron  ond  ('mil  '/'r/idis  Jfrcirw.  Dec.  (i.  1918, 
p.   635.     (J.    A.    W.) 

Abstracts  of  Patent  Applications. 

(535.18.     Arnold    Bradley.     A     continuous    conveyor 
retort    for    distillation,    carbonisation,    wasting, 
etc.,    of    coal,    etc.     16.10.18. 
This  specification  describes  a  ctmtinuously  operat- 
ing plant  for  low  temperature  carbonisation  of  coal 
or  for  roasting  ores,   comprising  a   conveyor  of  the 
endless-belt    type    travelling    through    horizontal    or 
inclined   retorts. 


685.18.     J.     Nelson.     Improvements    in    or    relating 

to    the    temperature    distillation    of    coal,    shal^ 

and    the    like.     19.11.18. 

The    chief    point    claimed    consists    in    subjecting 

carbonaceous  material  to  the  action  of  a  hot  current 

of     vapourised    hydro-carbons,     oil    gas,    coal     gas, 

carburetted  water  gas,  or  other  like  gas  containing 

hydro-carbons    with    or    without    the    admixture    of 

super-heated    steam    at   a    temperature    of    350 — 450 

deg.    C.     The    chamber   in    which   the    carbonaceous 

material    is    subjected    to    the    hot    vapour    may    or 

may    not    be    externally    heated.     There    are    other 

minor     modifications     and     combinations,     but     the 

principal  feature  is  as  set  forth  above. 


704.18.      Luckenbach   Processes,   Limited.      Mineral 

selective    and    frothing    agent    and    processes   or 

methods    of    producing    and    using    the    same. 

23.11.18. 

This  application  relates  to  flotation  concentration 

of  ores,  particularly  to  the  use  of  selective  flotative 

agents.     It  involves  the  use  of  a  resinous  substance 

as   the   mineral   selective    and   frothing   agent,   such 

as  copal,  shellac  and  resin,  or  combination  of  these 

made   by   dissolving   each   in  a   suitable   solvent ;  to 

these    resins    may    also    be    added    ammonia,    oleic 

acid,    petroleum,    grease    or    tallow,    providing    the 

oil   constituents  are  neutralized. 


3.10.     John    Haigh    Walker.     Improvements   in,    or 
in    connection    with    lifting    or    hauling    gear. 
6.1.19. 
This  is  an  application  in  respect  of  improvements 

in    connection    with    the    "Temperley    transporter" 

type  of   transport   haulage   mechanism. 

Chang-es  of  Address. 

AxPERSON,  P..  C  flo  Modder  B.  G.M.  Co.: 
Village  Deep,  Ltd.,  P.O.  Box  1064,  Johannes- 
burg. 

Edg.vu,  J..  II"  Vaalhoek  ;  P.O.  Box  11.  Pilgrims 
Rest. 

Johns,  J.,  I/o  Millsite  :  Witwatersrand  Deep, 
Ltd..   P.O.   Box  5,  Knights. 

M.UF.n.   L.   W.,  I/o  Brakpan  ;    P.O.   Box  41.  Nigel. 

McDtvett.  D.,  I/o  Bantjes  Mine:  Geldenhuis 
Deep,  West   Section,   V.O.   Box   54,    Cleveland. 

Newhall.  p.  M.,  to  P.O.  Box  1169,  .Johannesburg. 

0'H.\R.\,  J.  D.,  l/o  City  and  Suburban:  Gelden- 
huis  Deep,  Ltd.,   P.O.    Box   54,   Cleveland. 

P.vp.RY.  C.  S.,  I/o  Randfontein  :  P.O.  Box  46, 
Millsite. 

Wahrixeu,  R.  C,  1!o  Crown  Mines,  .Johannesburg; 
Room  2123.   120  Broadway,   New  York.  U.S.A. 
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Proceedings 

A  r 

23rd  Annual  General  Meeting-, 

June  28.  1919. 


The  T\vent3-tiiird  Annual  General  Meet- 
ing of  the  Society  was  held  in  the  South 
African  School  of  Mines  Building,  Johannes- 
burg, on  Saturday,  ^Bth  June,  1919,  Mr. 
H.  S.  Meyer  (President)  in  the  chair.  There 
were  also  present : — 

28  Members:  Messrs.  J.  Grav,  H.  A. 
White,  H.  li.  Adam,  J.  Chilton,  C.  J.  Gray, 
J.  E.  Thurlow,  G.  A.  Watermever,  F.  \V. 
Watson,  Dr.  W.  A.  Caldecott,  Prof.  G.  H. 
Stanley,  J.  E.  Thomas,  Prof.  J.  A.  Wilkin- 
son, G.  Hildick-Smith  (Members  of  Council), 
H.  D.  Bell,  E.  H.  Croghan,  J.  E.  Healey, 
L.  D.  Hiugle,  H.  C."  Hilton,  A.  King, 
C.  A.  :\Ieiklejohn,  P.  T.  :Morrisby,  S.  New- 
ton, J.  J.  Pt.  Smvthe,  T.  G.  Trevor,  J.  T. 
Triggs,  T.  P.  Wai'tes,  H.  K.  S.  Wilkes. 

3  Associates:  ^Messrs.  P.  C.  Anderson, 
J.  A.  Boyd,  J.  Gibson. 

3  Visitors,  and  Fred  Rowland  (Secretan). 

MINUTES. 

The  [Minutes  of  the  Ordinary  General 
Meeting,  held  on  the  17th  May,  1919,  as 
recorded  in  the  ^lay  Joiinial  were  confirmed. 

AXXUAI.    HKPORT    OF    COl'XCIL. 

The  Secretary  read  the  Annual  Re])ort  as 
follows  : — 

The  following  Eeport  is  submitted  by 
your  Council  upon  the  work  of  the  Society 
for  the  past  twelve  months:  — 

Accounts. — It  is  gratifying  to  note  an 
improvement  in  the  financial  statement  put 
before  you  herewith.  The  receipts  in  nearlv 
every  item  show  an  increase  over  that  of 
last  year,  while  the  expenditure  has  been 
kept  down  as  low  as  possible.  The  Finance 
Committee    is    therefore    in    a    position    to 


show  a  sui-plus  on  the  year's  working  of 
tll8  Us.  5d.  The  Society's  Joiirna/  is  some- 
what less  in  size,  but  the  increased  cost  of 
production,  owing  to  higher  wages  and  the 
•greater  cost  of  materials,  has  been  more 
than  counter-balanced  by  the  increased 
revenue  from  advertisements.  The  cash 
assets  show  an  increase  of  just  on  tlOO  over 
last  year,  while  the  amounts  due  to  sundry 
debtors  are  more  than  covered  by  the  sums 
recoverable  from  sundry  creditors.  Alto- 
gether the  financial  position  is  brighter  than 
was  anticipated  at  the  beginning  of  the  year. 
While  on  the  subject  of  finance,  it  is  with 
tlie  utmost  regret  that  your  Council  learns, 
that  Mr.  Littlejohn  finds  it  impossible  to 
continue  to  act  as  Hon.  Treasurer — at  all 
events  for  the  coming  year.  He  has 
occupied  the  position  since  June,  1902,  17 
years  in  all,  and  has,  during  that  period, 
given  whole-hearted  service  to  the  affairs  of 
the  Society.  The  Council  feels  sure  that 
the  members  will  join  witli  them  in  accord- 
ing him  their  most  grateful  thanks  and  in 
wishing  him  a  vers-  delightful  holiday  and 
change  overseas. 

Membership.  —  During  the  year  sixteen 
Members,  twelve  Associates,  and  two 
Students  have  been  elected  or  admitted, 
and  twelve  Members  and  six  Associates  have 
lesigned.  The  losses  by  death  have  been 
again  somewhat  heavy,  largeh*  owing  to  'he 
influenza  epidenn'c,  and  yoiu*  Council  has 
to  record  with  sincere  regret,  the  deaths  of 
the  following:  — 

Members.— Capt.  J.  V,  Harris.  M.C 
(Palestine),  and  Capt.  C.  K.  Diaby  Jones 
(Russia),  on  active  service,  Messrs.  S.  H. 
Boright.  J.  M.  Campbell.  B.  Palmer  Carter 
(a  previous  Vice-President),  J.  S.  Curtis. 
J.  Ferguson,  G.  A.  Lawson,  D.  .J.  Pepler 
and  Q.  J.  Leitch. 

Associates. — Messrs.  ^I.  S.  E.  Archibald, 
E.  G.  Baskett.  J.  I.  Coppin,  D.  T.  Leonard. 
D.  W.  Stacv,  and  G.  F.  Matthews. 
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Sir  William  Crookes,  CM.,  F.K.S.,  one 
of  tlie  oldest  and  most  distinguished 
of  our  Hon.  Members,  also  passed  away  on 
Apr"!    Jrn.  at  the  ase  of  87. 


32 


OJ        «         d         'M 


-M         C5         --         5J 


=  2     1 


l^        «        (M 


^  —  X 


6  -r 

eg 

«        Ol 

s 

o 

X 

Tf 

o 

=  g 

- 

5 

1 

CO 

CO 

C5          — 

CI 

1 

•* 

S3 
s  55 

-f          — ' 

00 

1 

1        a-'^ 

X         — 

I^ 

— 

1 

55 

■-5  "^ 

lO            -H 

o 

1 

1 

1^ 

5  » 

lO        — 

30 

1 

1 

1- 

S  5; 

L'^ 

1 

1 

»! 

O 
S 

(ft 

Si 

"E 

SO 

The  total  membership  on  the  roll  is  now 
766,  a  decrease  of  sevfii.  With  the  con- 
clusion of  the  war  the  position  of  a  number 
of  members,  whose  subscriptions  are  over 
two  years  in  arrears,  will  have  to  be  con- 
sidered by  the  incoming  Council.  It  is 
hoped  that  a  greater  interest  will  be 
displayed  in  the  future  by  those  engaged 
in  scientific  and  technical  occupations,  and 
that  evei-y  effort  will  be  ma-de  to  strengthen 
the  membership  of  the  Society  and  to  further 
the  objects  for  which  it  was  formed. 

Roll  of  Honour. — It  is  very  difficult  in 
the  absence  of  information  to  complete  our 
Eoll  of  those  who  have  been  on  active 
service.  The  Council  would  be  grateful  if 
evei'y  member  who  has  been  on  active 
service  or  engaged  m  war  work  would 
supply  the  Secretary  with  the  details  of 
his  service,  in  order  that  a  complete  Roll 
of  Honour  may  be  compiled,  and  eventually 
displayed  as  a  record  of  the  part  played  by 
the  Society  during  the  Great  War. 

Papers  and  Journal. — The  standard  of 
the  papers  read  and  discussed  during  th<j 
year  under  review,  has  been  well  main- 
tained, and  it  is  gratifying  to  see  the  interest 
displajed  by  the  overseas  technical  journals, 
which  reprint  in  full  or  lengthy  abstract, 
practically  every  paper  submitted.  The 
following  is  the  list  of  oiiginal  papers  and 
notes  :  — 

Julv,   1918.— "The   Effects  of  Dust   Inhalation,"   by 

'Dr.   J.    S.    Haldane,   F.R.S. 
September    21st,    1918. — "  Production    of    Pig    Iron 
at    Pretoria,"    by    Prof.    G.    H.    Stanley. 
"  Madagascar   Graphite   Production,"   by  Mr.    T. 

P.   Waites. 
The  Presidential  Address,  by  Mr.   H.   S.  Meyer. 
November    16th,    1918.—"  Notes    on    the    Footwall 
Beds   of    the    Far   East    Rand    Reef,"    by    Mr. 
L.    W.    Macer. 
"  The      Conservation      of      Materials       (Launder 
Liners),"    by    Mr.    F.     Wartenweiler. 
December,     1918.  — "  Determination     of     Available 
CaO  in  the  Different  Classes  of  Lime  Supplied 
to    Rand    Reduction    Works,"    by    Mr.     f'.     A. 
Meiklejohn. 
"  Report    on    Economies    in    Mining    Engineering 
Supplies,"    by   Mr.    W.    Elsdon   Dew. 
.lanuary,     1919.— "Application    of    the     Theory     of 
Probability      in     the      Determination      of      Ore 
Reserves,"   bv   Mr.    G.    A.    Waternieyer. 
February    1.5th,    1919.— "Ancient   Tin   Mines   of   thp 

Transvaal,"   bv   Mr.   Max   Baumann. 
March    15th,    1919*.— "  The    Handling    of    Amalgam 
from  Steamed  Plates,"  by  Messrs.  A.  .1.  Herald 
and    A.    King. 
"  Chemical  Engineering,"  by  Prof.  .T.  A.  Wilkin- 
son. 
"  Notes  on  Economies  in   Hand   Drill  Steel,"   by 
Mr.    H.   A.   Read. 
April    •26th,    1919.—"  '  Safety   First '    in    the    Stamp 
Mill,"  by  Mr.   S.   H.   Steels. 


k 


Juiio    1019 


Aim  nil  Hep  <r(  nj  I'niinril. 


•IQ-.i 


3  o  o  s  o 

■^    t    O)    CC    -^ 


3    « 


jj     »:     —     »: 

s    ij    a)    13 

S    «    S    ** 


■  S 

EC    /" 


s:     01  a;  i 

O   S        <        :« 


^  ^  -o  ^ 

=C,    =    'N    ?} 


^    -^   ii      ^  . 


^    -sc 


~  r^  •*  O 


«  —       i. 
it  c;-  >.  a; 

R  ^    2^    — 


7r.   }S  ~  —  v: 


-:      _  5r  i 


g  3 


^  2 


■M  — 

ii    : 


'O  c  » 
W  C  I- 
>C    tft  ifl 


t* 


^    ^  •  sc 


i  .3 


tc  =  -  3 


"3  5 


5  ^ 


?i  ^  c:  ^   >^     ^ 


CO      ® 

4-) 

CO    


<  "5   O    :; 


^      Co 


r  2 


a       f:  r; 


;.o  S       -  2 


^\ 

a; 

d 

0S 


•8 
.1 


•c  c;  :^   "o  ♦! 


03   _•   =  »   => 


.  c 


.   I 


r-      d 


-    jB  — 


» 


z  s  >^ 


00    -    i   V   s 


-  . ,  ?s  e^  2 


Ci 

«1 

■o 

^> 

^ 

."^ 

^ 

"■ 

^i 

4)  -3    O   /. 

=  3  c  u 


=  =  -  r-  r*/- 

5    ~    k  — '"' 


•j:  A  .z.   r  "2 


_5  p  _j  f  tt 

s  "*  5  .:i  71 

—  ^  >  ^ 

2  =  S  -i  .£ 

f  ?^i1 


i  l-L^l^ 


:i~-z    <^ 


264  The  Journal  of  The  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.        June   1919 


■'Agricultural     Motor     Tractors,"     bv     Mr.      G. 

Hildick-Smith. 
May  17th,  1919.     "The  Handling  of  Amalgam  from 

Steamed  Plates,"   by  Mr.    Percy   Cazalet. 
"A  Safety  Device  for  Exhausting  Mercury  Fumes 

during  Steaming  of  Amalgam  Plates,"  bv  Mr. 

J.  F.   Walker. 
"  Plate     Steaming     Box     and     Mercury     Fume 

Extractor,"  by  Mr.   J.   J.    Smythe. 
"Notes  on  the  Closer  Working  and  Joint  Housing 

of    Technical    and    Scientific    Societies    on    the 

Eand,"   by  Mr.   Percy  Cazalet. 
"  Notes  on  Defective  Air  in  Disused  Raises  and 

Back   Stopes,"   by   Mr.    C.   J.    Gray. 
"A    '  Safetv    First  '    Method    for    the    Estimation 

of  CO,  in  Mine  Air,"  by  Mr.  H.  P.  S.  Wilkes. 

Grants. — Grants  for  prizes  liave  been 
made  to  the  evening  class  students  at  the 
S.A.  School  of  ]\Iines  and  Tecliuolog}^  and 
the  ci.stomary  donation  given  to  the 
Seymour  ^Memorial  Library-,  which  is  largely 
used  to  great  advantage  by  members  of  the 
Society.  It  is  regrettable  that  a  large 
number  of  books  are  missing  from  the 
libran,-.  but  with  the  methods  recently 
adopted  an  improvement  in  the  working  of 
the  hbrarv'  may  be  anticipated. 

Closer  Working  and  Joini  Housing  of 
Technical  Societies. — A  further  step  has 
been  made  in  this  connection  by  the  Joint 
Committee,  which  has  submitted  a  concrete 
scheme  for  the  housing  of  the  scientific  and 
technical  societies  located  on  the  Eand,  in  a 
paper  contributed  by  Mr.  I'ercy  Cazalet.  At 
the  meet'Tig  to-night  certain  resolntions  will 
be  placed  before  you,  M'hich  if  earned,  will  it 
is  confidently  hoped,  help  in  the  establish- 
ment of  such  a  building.  Unfortunately  the 
societies,  whose  subscriptions  are  kept  at 
a  low  figure  in  order  to  enable  as  many  as 
possible  to  enjoy  the  benefits  of  member- 
ship, are  not  able  to  undertake  the  financial 
respon.sibility  of  launching  such  an  imder- 
taking.  Although  South  Africa  is  not 
bles«ed  with  millionaires  like  the  United 
States,  where  such  facilities  arc  provided, 
the  Rand  has  been  responsible  for  the 
wealth  of  a  great  many  leaders  of  industry, 
and  it  is  hoped  that  they,  recognising  the 
■value  of  scientific  and  technical  research 
may  be  induced  to  help  fonvard  the  scheme 
by  donating  the  necessary  sum. 

Visit  to  Works. — A  most  instructive  and 
interesting  visit  was  made  in  conjunction 
with  the  S.A.  Institution  of  Engineers  anrl 
the  S.A.  Institute  of  Electrical  Engmeers, 
to  the  Xew  Mod.derfontein  G.'Sl.  Co.,  Ltd., 
in  January  last. 

Wiiicatersrand  University.  —  At  the 
February  and  -May  meetings  certain  resolu- 


tions were  passed  and  forwarded  to  the 
Government  in  respect  to  tJie  Gove.-nnients 
action  in  refusing  the  Johannesburg  .Medical 
School  to  be  extended,  and  urging  greater 
facihties  for  higher  education  on  the  Rand. 
The  Government  has  now  agreed  to  the 
extension  of  the  ^ledical  School,  and  it  is 
satisfactory  to  be  able  to  state  that  a  com- 
plete University  training  is  now  possible  here 
in  the  Faculties  of  Arts,  Science,  Law, 
Commerce,  Technology,  and  in  the  near 
future  of  ^ledicine.  A  complete  solution 
of  the  problem  of  pi'oviding  educational 
facilities  for  thousands  of  the  children  on 
the  Reef  still  remains,  as  in  respect  to 
secondary  education  many  are  still  com- 
pelled to  go  elsewhere,  either  to  the  Cape 
or  overseas. 

Council. — During  tlie  year  nine  meetings 
of  the  Council  have  been  held  as  well  as  a 
number  of  meetings  of  the  several  Com- 
mittees. The  attendances  at  the  Council, 
which  averaged  eleven,  were  as  follows:  — 


H. 

S.    Meyer 

..     8 

J.    R.    Thurlow' 

6 

J. 

Gray 

..     9 

F.    Wartenweiler'"     ... 

4 

A. 

Whitbv^ 

..     4 

G.     A.     Watermever'^ 

6 

H. 

A.    White- 

..     8 

F.    W.    Wat.son'=  '     ... 

6 

J. 

Littlejohn 

2 

John    Watson'' 

1 

H. 

P.    Adam' 

..     6 

E.    M.    Westoa" 

3 

J. 

Cliilton' 

.     6 

W.    R.    Dowling 

1 

K. 

L.    Graham' 

.      1 

G.    H.    Stanley 

2 

C. 

J.    Grav'^ 

..     6 

J.    E.    Thomas" 

3 

('. 

H.    Greathead'    . 

.     6 

J.    A.    Wilkinson 

5 

F. 

G.    Macdonald^    . 

..      1 

G      IJildickSmith      .. 

2 

C. 

Toombs 

0 

Leave  of  absence  granted  for :  (1 )  five  meetings  ;  (2)  one  meeting ; 
(3)  two  meetings ;  (4)  one  meeting ;  (o)  six  meetings ;  (6)  two 
meetings;  (7)  one  meeting  :  (8)  Elected  Sept  ,  1918.  two  meet- 
ines  ;  (3)  two  meetings;  (10)  one  meeting;  ill  Elected  Sept., 
1918,  (12)  two  meetings  ;  (13)  resigned  .Sept.,  1918,(14)  four  meet- 
ings ;  (if))  one  meeting. 

The  Council  regretted  losing  the  services 
of  'Sir.  John  Watson,  who  left  for  India  in 
October,  and  Mr.  E.  C.  J.  Meyer  who  found 
that  pressure  of  business  prevented  him  from 
giving  attention  to  the  work  of  the  Society. 
Messrs.  F.  G.  Macdonald  and  G.  A.  Water- 
meyer  were  elected  to  fill  the  vacancies  thus 
caused.  Mr.  J.  R.  Thurlow  was  appointed 
a  member  of  the  Finance  Committee,  vice 
Mr.  John  Watson. 

Owing  to  the  influenza  epidemic,  it  was 
decided,  on  the  advice  of  the  Medical 
Officer  of  Health,  not  to  hold  the  monthly 
meeting  in  October. 

Mining  Exhibition. — The  S.A.  Institution 
of  Engineers  convened  a  joint  meeting  of 
rejirer^entatives  of  the  various  societies  to 
discuss  the  desirability  of  holding  an  Exhibi- 
tion, mahily  of  articles  and  devices,  etc., 
locally  made,  to  meet  the  demand  r-aused 
by  the  shortage  of  imports.     Owing  to  the 
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lade   of  s'lrtic-ii'iit   Hiuiiiciul  jL'uanintees,   the  | 
nuitti'i"  was  (Iroppfd,   and  yoiir  Coiiiicil  lla^^   I 
dc'i-idod  to  hold  tlu'  Sofit'ty's  Foiutli  Mining,' 
Exliihitioii,    as    soon    as    possible    after    the 
declaration  of  peace. 

The  thanJvs  of  tho  Council,  as  of  the 
mcnihcrs,  niiist  be  here  recorded  to  the 
members  of  the  several  Committees  and  to 
yoiu"  Hon.  .\uditors  for  many  services 
rendered. 

Mr.  Howlaikl,  your  ir.defatij,'al)le  St'cre- 
tary,  ^^Hll  carries  out  the  duties  of  the  ottice 
to  the  utmost  satisfaction  of  the  Council 
i\\\(\  members,  and  our  tlumks  are  especially 
•due  to  hun. 

Jn  closinj^  this  report  the  Council  com- 
pletes its  year  of  ofiice  at  the  time  when 
tiie  Great  War  has  come  to  an  end  by  the 
<Ieclaration  of  peace.  It  will  however,  be 
many  months  before  normal  conditions 
return  Many  of  the  ditP.eulties  created  by 
the  war  will  remain,  and  will  need  much 
wise  statemanship  before  they  are  finally 
-overcome.  The  industry  with  which  most 
of  us  are  connected,  is  confronted  with  many 
such  difficulties,  and  their  solution  requires 
the  caroful  consideration  and  judicious  action 
of  us  all,  as  upon  their  satisfactory  solution 
depends  not  only  the  liveliluKxl  of  tlie 
majonty  of  our  membei's,  but  also  the  well- 
bein^'  of  the  Witwatersrand,  while  the  Stat€ 
itself  is  directly   and  seriously  concerned. 

It  is  hoped  that  the  Society  will,  in  tlie 
future,  as  in  the  past,  take  a  worthy  part  in 
improving  the  technique  of  and  stimulating 
>economy  in  the  minin?  industry.  With  the 
growth  of  other  industries  the  field  of  v.ork 
and  iisefulness  for  the  Society  is  ever 
^xpaiidiiiL. 

The  President:  in  rising  to  move  the 
adoption  of  the  Annual  Report  and  Accounts 
I  should  like  to  make  a  few  comments  on 
the  past  year's  activities  of  the  Society. 
The  papers  submitted  have  been  of  great 
variety  and  of  a  generally  high  standard, 
and  they  have  been  representative  of  the 
three  technical  branches  of  science  f-'om 
which  the  title  of  the  Society  is  taken.  The 
notes  under  the  heading  of  general  business 
have  been  of  a  practical  nature  and  have 
been  much  appreciated.  The  attendances 
at  meetings  have  shown  some  improvement, 
hut  have  scarcely  been  commensurate  with 
the  qualitv  of  the  papers,  nor  of  the  active 
discussions  that  have  taken  place  on  them. 
The  industry  has  passed  through  an 
extremely  trying  period,  and  the  feeling  of 
imcertaintv  engendered  by  such  conditions 
•cannot  have  failed  to  have  had  a  detrimental 


effect  on  the  quality  of  the  work  done.  I 
d(j  n(jt  prtjpose  here  to  discuss  the  causes 
which  have  given  rise  to  this  manifest  feel- 
ing of  unrest,  they  have  been  so  ably  and 
frLcjuently  set  forth  duriu"  the  last  few 
months  that  all  should  be  thorouglily  fami- 
liar with  them.  The  fact  remains  that  we 
as  mendxMs  of  this  Society  are  intimately 
concerned  ;  unemployment  must  be  staring 
numy  in  the  face,  and  unless  something  is 
done  immediately  to  obtain  some  assistance, 
whether  it  be  of  a  nature  to  afford  direct 
financial  relief  or  it  be  in  the  form  of  a 
modification  of  the  stringency  of  the  Mining 
Regulations,  or  both — a  calamity  will  fall 
on  these  fields.  The  recently  appointed 
Commission  will  no  doubt  elucidate  a  great 
deal  of  valuable  and  important  information 
on  the  conduct  of  this  industry.  It  may 
make  recommendations  of  a  far-reaching 
nature,  but  it  is  nevertheless  clear  to  me 
that  this  investigation  must  take  much  time, 
and  it  is  to  l)e  fervently  hoped  that  the 
diagnosis  and  subsequent  treatment  recom- 
mended will  not  be  applied  too  late  to  cure 
a  patient  already  in  extremis  Personally, 
1  can  only  repeat  ihe  suggestion  made 
in  my  Presidential  Address  a  ycox  ago, 
namely,  that  there  is  nothing  to  prevent  all 
employees  of  this  industry  doing  tlieir  share 
by  giving  fully  of  their  best  instead  of  only 
a  portion. 

Although  the  membei-ship  shows  no  in- 
crease, it  has  nevertheless  been  strengthened 
hy  the  qualifications  and  attainments  of 
those  who  have  been  elected  during  the 
year.  The  losses  from  war  and  disease  have 
been  great,  and  on  behalf  of  the  Society  I 
record  its  regret  and  sympathy  with  the 
bereaved  relatives. 

A  serious  loss  to  the  Society — fortunately 
not  due  to  the  causes  given  above — is  the 
resignation  of  Mr.  Littlejohn  as  Honorary 
Treasurer.  This  position  he  has  occupied  to 
the  complete  satisfaction  and  advantage  of 

1  the  Society  for  17  years.     He  now  leaves  on 

I  a  well-earned  holiday  to  join  his  only  son, 
who  has  served  with  gallanti-A-  and  distinc- 

I  tion  in  the  War.  Such  signal  sei-\ice  given 
ungrudgingly  to  this  Society  for  a  number 

1  of  years  cannot  be  passed  without  proper 
expression  of  the  Society's  gratitude,  and 
I  shall  later  formally  move  that  a  Hon.  Life 

I  Membership  of  this  Society  be  conferred  on 
Mr.  Littlejohn. 

On  behalf  of  the  Society  I  offer  its  hearty 
congratulations  to  the  following:  Our  Secre- 
tarv,  Mr.  Fred  Rowland,  whose  staunch  and 
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unselfish  work  for  the  Red  Ci'oss  has  earned 
for  him  the  dii^tiuctiou  of  O.B.E.  ;  a  similar 
honour  has  been  conferred  on  ^Irs.  Cullen, 
wife  of  our  l*a^t-l'resident.  Professor  Orr,  in 
recognition  of  the  great  work  he  has  done  in 
furthering  the  interests  of  soldiers  disabled 
by  war,  has  been  awarded  the  same  distinc- 
tion. Dr.  Moir,  by  virtue  of  his  extensive 
research  work,  has  fittingly  been  the  reci- 
pient of  the  South  African  medal  and  grant 
from  the  S.A.  Association  for  the  Advance- 
ment of  Science. 

Taking  everything  into  consideration  I 
think  that  members  will  agree  that  the 
Society  has  during  the  past  year  fully  up- 
held its  traditions. 

I  believe  that  Peace  is  signed.  (Loud 
applause.)  This  must  be  a  matter  of  intense 
relief  to  everybody  and  a  matter  for  infinite 
congratulation.  As  far  as  it  directly  con- 
cerns us,  it  removes,  to  some  extent,  an 
excuse.  We  shall  now,  I  hope,  have  affairs 
straightened  out  as  quickly  as  possible,  and 
we  can  then  devote  ourselves  wholeheartedly 
to  (xn-  business  once  more. 

It  is  very  difficult  for-  me  suddenly  to 
express  the  feelings  of  members  of  this 
Society  on  such  an  occasion.  Perhaps  the 
one  who  seconds  the  adoption  of  the  Report 
can  more  fittingly  deal  with  it.  With  those 
few  remarks,  I  beg  to  move  the  adoption  of 
the  Pieport  of  the  Council  for  the  year. 

Mr.  James  Gray  f Vice-President j:  Mr. 
President  and  gentlemen,  I  have  much 
pleasure  in  seconding  the  adoption  of  the 
Annual  Pieport  and  Financial  Statement. 
As  you  will  observe  fi'om  the  report  before 
you,  it  has  been  a  year  of  stead}-  progress. 
It  is  a  matter  for  congratulation  that  we 
have  been  able  to  hold  the  Society  together 
during  the  past  four  and  a  half  years. 

The  announcement  regarding  the  signing 
of  Peace  must  give  us  all  a  great  feeling  of 
relief,  and  I  certainly  do  not  feel  any  more 
capable  than  !Mr.  ■\Ieyer  in  expressing  our 
feelings  on  such  an  occasion.  I  think  we 
all  feel  the  matter  too  deeply,  and  I  am 
sure  we  hope  that  it  will  lie,  to  quote  the 
Scriptures,  "  a  Peace  which  passeth  all 
understanding." 

Mr.  T.  P.  Waites  (Member):  Under  the 
heading  of  '"  Council  "  the  various  attend- 
ances of  sundry  members  are  given.  I 
think  it  would  help  some  of  us,  seeing  that 
reflections  have  been  made  on  the  attend- 
ances   at    meetings    of    mining    and    other 


members,  if,  wlien  thr  nomination  papers 
are  sent  out,  the  luunher  of  attendances  of 
^lembers  of  Council  are  given ;  it  would  be 
some  guidance  to  some  of  us  who  notice  here 
that  several  members  have  attended  but  one 
meeting  and  others  two,  in  making  some 
difference  in  our  nominations. 

The   Secretary:  I  am  sorry  I  omitted  to' 

I  put  at  the  foot  of  this  table  that  a  number 

;  of    members,     for    various    reasons,     were 

granted  leave  of  absence  owing  to  inability 

to    attend.     This    will    be    inserted    in    the- 

Journal. 

The   President:    You    will   notice    that   a 
number   rif   the    attendances   refer   to  Past- 
Presidents.     There  is  no  obligation  on  them 
j  whatsoever  to   attend,    but  you   will   notice 
that  they  still  show  a  keen  interest.     Some- 
I  of  the  Council  have  been  in  Europe,  others 
I  have   been   ill — in   fact,    to   give    a   detailed 
j  explanation    of   the    reasons   for   attendance- 
I  or  non-attendance  right  away  down  this  list 
is  hardly  worth  while  this  evening ;  we  have 
too  much  other  business. 

The    Report    and     Accounts     have     been 
placed    before    the    meeting    and    formally 
moved  and  seconded.     Are  they  approved  ? 
Adopted  nem.  con. 

The  President:  Tlie  next  business  is  the 
declaration  of  the  result  of  the  ballot  for 
Officers  and  Council  for  the  ensuing  year. 

The  Secretary :  The  following  is  the  report 
of  the   Scrutineers  : — 

Johannesburg, 

28th  June,   1919. 
The    Chairman, 

Annual   General  Meeting, 

Chemical,   Metallurgical  and  Mining 
Society  of  South   Africa, 
Johannesburg. 
Dear   Sir, 

We  report  that  we  have  received  77  envelopes 
containing  Ballot  papers,  and  as  a  result  of  our 
scrutiny,  we  declare  the  following  to  have  been 
elected  : 

President. — Mr.    James   Gray. 

Vice-Presidents. — Messrs.  J.  Chilton,  G.  A. 
Watermeyer,    and   A.    Whitby    (unopposed). 

Hon.  Treasurer. — Mr.  .J.  R.  Thurlow  (unopposed). 
Members  of  Council.  —  (Unopposed). — Messrs.  H. 
R.  Adam,  R.  A.  Cooper,  G.  J.  Gray,  C.  H.  Great- 
head,  H.  C.  Hilton,  J.  H.  Johnson,  A.  King, 
J.  J.  R.  Smythe,  F.  W.  Watson,  F.  Wartenweiler, 
E.   M.   Weston,   H.    A.   White. 

Yours    faithfully, 

(Sgd.)     S.    NEWTON, 

P.    T.    MORRISBY, 

Scrutineers. 

Mr.  Jas.  Gray:  I  have  to  thank  you  for 
the  honour  you  have  confeiTed  on  me  in 
electing  me  President  of  our  Society.     I  can 
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jissiiif  Mill  lliiil  1  d('r|il\  !i|)|ircci:itf  llii- 
]i<)ii<)ur.  and  I  will  <[(>  my  l)»-st  to  niiiin- 
tiiiii  till'  lii^'h  traditions  of  tlic  S(K-icty. 
It  is  no  light  task  to  follow  in  the  footsteps 
of  my  illustrious  predfcessors  in  ottice,  hut 
1  hope,  with  the  help  of  the  able  otl^iee- 
hearers  and  Council  you  have  also  i-leeted, 
that  next  year  we  shall  hi'  al)le  to  say  that  at 
least  we  have  had  a  successful  year.  It  is 
fifteen  years  ago  to-night  since  1  attended 
my  first  meeting  of  the  Chemical,  Metallur- 
gical and  Mining  Society,  and  I  little 
thought  that  the  effluxion  of  time  would  see 
me  occupying  the  Presidential  Chair. 

I  would  like  to  jiropose  a  very  hearty  vote 
of  thanks  to  the  scrutineers  for  their  duties. 

The  President:  The  Society,  I  am  sure, 
is  to  l)c  congratulated  on  the  selection  of  its 
new  President,  who,  if  he  has  the  same 
support  from  the  Council  that  I  have  had 
■during  my  year  of  office,  need  have  no  fear 
of  carrying  the  Society  through  a  successful 
vear. 

There  are  two  additions  to  the  Vice-Presi- 
■dents  ;  they  are  both  men  who  have  always 
taken  a  very  keen  and  active  interest  in  tlie 
affairs  of  the  Society. 

As  regards  the  unopposed  dozen  Members 
of  Council,  they  are  a  very  well  mixed  and 
able  collection — (hiughter) — and  on  that 
account  nobody  cared  to  stand  against  them. 
So  I  must  congratulate  the  Society  on  the 
whole  of  its  officials  for  the  coming  year. 

I  should  like  to  make,  at  this  stage,  a 
formal  proposition — without  repeating  it 
again,  it  is  this —  that,  in  view  of  his  ])ast 
services  in  the  interests  of  the  Society, 
^Ir.  Littlejohn  be  elected  an  Honorary  T.ife 
^Member.     (Applause.) 

Mr.  G.  Hildick-Smith  ( Past-Proiidrnt) : 
I  would  like  to  second  that. 

The  President:  I  hardly  need  nut  it  to  the 
melting:  1  take  it  that  it  is  carried  unani- 
mously.    Agreed. 

NEW    MEMBERS. 

:Messrs.  H.  C.  Hilton  and  S.  Newton 
were  appointed  scrutineers.  After  their 
scrutiny  of  the  ballot  papers  the  following 
gentlemen  were  declared  unanimously 
•elected  : — 

B.\RRETT.  Henry  Eccles,  P.O.  Box  1072,  Johannes- 
burg.    Assistant    Inspector  of   Mines. 
Hill.    William    Robertson.    Robinson    G.M.    Co., 
Ltd  .  P.O.  Bos  10-24,  Johannesburg.     Surveyor. 


Iiitnw.    H.,  >  A.   S<||.)ol  of  Mint's  and  Ti-ilin.iloKy, 

I'.O.       ho.v       I17G,       JnhanneHburt;.         Mining 

Kii;;ini'fr. 
SMnii.    Watson,    Pli.D.(Zuriih).    Cape    ExplosiveB 

Work«,     Somerset     West,     C.P.     Acting    Chief 

Chenii«t. 
SwiNBiUNK,      Cmfreville      Percv,      Rand      <  lub, 

Johannesburg,      Chief      Inspector      of      Mines, 

Cnion   of    S.A. 

The   Secretary:    liir   fi.llowing  gentleman 
lias    l)L'en    admit  ted    an    Associate    by    the 
Council: — 
C.uifhth,     Stanley    Vim  est.    School    of    Metalli- 

ft'ii.ti.s    .Mining.    Cambonu.,    (•..riiwall,    England. 

Mining   Student. 

HON.    .\fniTORS. 

The  President:  I  In'g  fornmlly  to  move 
that  .Mfssrs.  Alex.  Aiken  ^  Carter  be  re- 
elected Honorary  Auditors  for  the  coming 
year,  and  at  the  same  time  to  express  a 
hearty  vote  of  thanks  to  them  for  their  good 
otficfs  diiriuL'  the  |i,i-.t  \i'ar. 

Prof.  J.  A.  Wilkinson  si-cond.d.     Agreed. 

Gener.\l   Business. 

•niK  i'i:i<  i:  ok  gold. 

Mr.  G.  Hildick-Smith  (Past-President): 
Tiiere  IS  a  paragraph  in  the  Stdr  this  even- 
ing which  is  most  interesting.  It  is  in 
regard  to  the  price  of  gold.  I  do  not  know 
whether  any  of  you  have  seen  it;  if  not,  I 
will  read  it.  The  caljle  is  dated  London, 
June  23rd:— 

"  The    Tinics   states   that   the   Oovem- 
ment  has  conceded  the  ])rinciple  that  the 
gold   producers    are    entitled    to   the    best 
price  obtainable  in  the  world's  best  mar- 
ket.     It  refers  to  the  difficult  details  of 
the  problem  and  issues  a  warning  against 
the    expectation    of    an    immediate    solu- 
t  ion . ' ' 
The  first  jiart  of  the  ])aragraph  is  just  what 
we  want,  and  the  quicker  we  can  have  it  the 
better.     But,  from  the  second  part,  it  would 
seem  that  it  will  take  a  little  time  to  airange 
matters. 

The  President:  And  rind  the  In'^t  market. 

Mr.  G.  Hildick-Smith:  In  various  pait  of 
the  wt.iKl  tii<-  ]nie,'  paid  for  gold  is  today 
from    .")       to   40       above   the    price    we    are 

obtaijiini:. 

The  President:  Mr.  Smith  s  remarks  are 
very  interesting,  and  I  hope  something  satis- 
factorv  will  come  out  of  it. 
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THE   HAXDLIXG    OF    AMALGAM    FROM    STEAMED 
PLATE  S. 

Mr.    Chas.    Hurlbatt    ( Member)    (contri- 
buted fioui  Khodesiaj  :  I  was  very  interested 
in  reading  the  discussion  in  the   last   issiie 
of    the    Journal    on    the    question    of    phite 
steaming.     I  think  ^Ir.  Cazalet  has  hit  the 
right   nail   en   the   head  with  his   very   per- 
tinent  remark   to   the   effect    that    the   best 
way  to  avoid  the  danger  or  inconvenience  to 
men  engaged  in  this  work  is  not  to  do  it. 
;My  own  exj^erience — a  matter  of  about   15 
years  of  mill   work  in  various  pjuts  of  the 
world — is    that    the    steaming    of    plates    is 
entirely  unnecessary.     I  think  I  can  say  for 
myself  that   my  experience  covers   a"  fairly 
wide  range,   having  milled  ores  from  4  oz. 
— in   Western    Australia — down   to   about   3 
dwt.,    and   in  no  single   case   have   I  found 
steaming     necessary.     A     nlate     does     not 
require   to  be   more   than   just    "  set,"   and 
though   a  good   skin   of  amalgam   no  doubt 
makes    a   very    nice    Christmas    present   for 
the  company,  I  heartily  agree  with  the  con- 
tention that  plates  are  not  a  bank,  and  the 
bank  is  the  proper  place  for  such  gold.     The 
keeping  of  a  plate  in  a  merely  "  nicely  set  " 
condition  is   as  simple  a  matter  as   it   can 
possibly  be,   and  I   am  of  opinion  that  the 
keeping  of  more  amalgam  on  plates  than  is 
al)solutely  necessary   is  b^d  policy,   in  that 
there  is  always  the  lial^ility  of  theft  and  it 
entails    quite    needless    work    in    steaming, 
necessitating   the    payment    of   overtime    to 
men  specially  brought  on  shift  for  this  work 
or  taking  the  current  shiftsmen  from  routine 
work,  for  which  they  are  required,  or  would 
not   be   employed,    and    at    the   same    time 
exposing  these  men  to  needless  risk.     Mr. 
Cazalet  gave  the  names  of  two  mines  where 
steaming  had  never  been  done,    except   to 
prove — in  these  cases  T  take  it — the  absence 
of  accumulated   gold  on   the   plates.     T   am 
afraid  I  must  differ  sliglitly  from  him  in  the 
case  of  the  Ferreira  Deep.     I  was  employed 
in  that  mill,  sorin  after  T  first  came  to  South 
Africa,  under  the  late  ^Ir.  Pepler,  and  there 
it  fell  to  my  lot  to  take  part  in  what  I  was 
given  to  understand  was  the  annual  steam, 
which  took  place  about  Christmas  time,  if  I 
remember   rightly.      This   was,    I    think,    in 
1900.     However,  there  was  no  such  practice 
in  force  as  a  regular  monthly  or  quarterly 
steam,   so  for  the  purpose  of  Mr.   Cazalet 's 
contention  that  steaming  is  not  a  necessity, 
his    statement    is    about    correct.     I    have 
heard    arguments    advanced    that    steaming 
does    a    plate    good.     I    Ijold    tliat    a    plate 


should  never  be  allowed  to  get  into  such  a. 
loaded  condition  as  to  require  "  good  "  of 
that  kind  being  done  to  it.  There  is  also- 
the  point  that  if  the  millman  is  expected  to 
come  out  square  with  assay  othce  returns- 
he  must  have  no  accumulation  on  his  plates 
after  the  month  end.  If  lie  has,  it  can  only 
mean  a  shortage  on  liis  call,  or  that  the  call 
itself  is  incorrect.  The  case  thus  boils  down 
to  one  of,  either  keeping  plates  free  of 
accumulation  or,  steaming  monthly.  The 
answers  to  the  questions  as  to  which  pro- 
cedure is  more  economical,  safer,  and  more 
convenient  in  every  way  seems  to  me- 
obvious.  That  Eand  authorities  are  becom- 
ing alive  to  the  question  of  the  advisability 
of  steaming  is  of  very  great  interest  to  me, 
as  I  have  had  many  an  argument  on  the 
subject,  and  have  always  held  that  the- 
practice  is  not  only  obsolete,  but  entirely 
unnecessary,  and  could  never  understand 
why  it  was  persisted  in  ]n'actically  through- 
out the  Eand. 

SAFETY  FIRST   IX   THE    STAMP   MILL. 

Mr.  Chas.  Hurlbatt:  The  safety  device- 
for  stamj:)  chairs  is  no  doubt  very  efficient, 
but  the  addition  of  more  parts  to  watch  and 
keep  in  order  is  to  my  mind  rather  a  step  in 
the  wrong  direction.  The  goal  to  be  aimed 
at  is  to  eliminate  causes  of  trouble,  in  this 
case  the  slipping  out — or  round — of  the 
chair.  Putting  back  the  jack  shaft  an  inch 
or  so  overcomes  this  slipping  out,  a  state- 
ment I  can  vouch  for,  as  I  had  this 
done  some  three  years  ago  and  have  had 
no  trouble  since.  A  remark  made  about 
keeping  the  chain  cap  in  good  order  is  very 
much  t-o  the  point ;  a  cap  that  is  not  firm 
and  true  is  almost  bound  to  cause  trouble 
by  the  chain  twisting,  and  more  than  likely 
an  accident  will  result. 

In  connection  with  the  "  Safety  First  " 
discussion,  may  I  add  one  otliei-  point, 
and  that  is  in  connection  witli  the 
use  of  chain  slings  for  stem  and 
other  heavy  work.  A  chain  sling  does  not 
show  its  weakness — or  at  any  rate  not 
markedly — till  it  breaks,  whereas  a  wire 
rope  sling  at  once  gives  warning  by  a  broken 
strand  and  can  be  discarded  before  an  acci- 
dent results,  and  old  wire  slings  originally 
used  for  heavy  stem  work  can  be  used  up 
with  complete  safety  for  shifting  smaller 
parts,  such  as  heads,  tappets,  etc.  Further- 
more, for  heavy  work  a  wire  rope  sling  is 
very  much  less  cumbersome  to  handle  and 
adjust  than  a  chain,  and  is  much  less  liable 
to  slip. 
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The  President:  1  sliall  now  asU  Professor 
Wilkinson  to  move  the  various  resolutifjiis 
sul)inittecl  l)v  Mr.  Ca/.alet  in  the  paper  read 
at  the  Mav  meeting  on  the  (luestion  of 
"  Closer  \\  (nkiiig  and  Joint  Housiiif,'  of 
Technieil  and  Scientific  Societies  on  the 
Hand."'  The  subject  will  then,  after  being 
formallv  moved,  be  open  to  discussion  and 
a  resolution  taken.  I  may  say  that,  unfor- 
ttniately,  ]\lr.  C'a/.alet  has  been  very  ill 
recently,  and  is  just  beginning  to  recover 
agai.:.  1  am  sure  nothing  would  have  given 
him  greater  jdeasure  than  to  have  been  liere 
this  evening  to  lienr  tlicsc  resolutions  moved. 

Prof.  J.  A.  Wilkinson:  Nothing  would 
liave  given  me  greater  pleasure  than  that 
ilr.  Cazalet  should  have  moved  these  reso- 
lutions, for  the  simple  reason  he  has  taken 
so  much  interest  in  the  matter  ever  since 
tlie  crmimencement,  about  four  years  ago. 

The  scheme  for  the  housing  of  the  local 
scientific  societies  read  by  ]Mr.  Cazalet  at 
the  last  meeting  of  this  Society  deserves  the 
careful  attention  of  every  member.  It  is 
not  a  whim  of  the  moment,  but  the  work  of 
the  Committee  during  the  last  four  years, 
in  whicli  period  much  labour  has  been 
undertaken  in  order  to  bring  it  to  its  present 
stage.  That  the  idea  is  by  no  means  new 
is  shown  by  the  appendices,  which  give 
members  some  notions  of  what  has  actually 
been  achieved  elsewhere,  and  in  this  con- 
nection the  following  excerpts  from  the 
Journal  of  the  Society  of  Chemical  Industry, 
January  31st,  1919,  page  18r,  may  also  be 
found  of  interest : — 

"  Not  only  is  there  much  overlapping  and 
duplication  of  effort,  especially  in  the  mat- 
ter of  publications,  but  no  machinery  existed 
whereby  the  collective  and  considered  opin- 
ion of  all  workers  in  chemistry  could  be 
made  fully  operative,  either  constructively 
or  in  defence  of  privileges  and  interests; 
moi-eover,  there  was  no  means  by  which  the 
advice  of  the  body  in  general  could  be  taken 
and  tendered  for  public  purposes,  the  result 
being  that  limited  and  incompatible  views 
were  not  infrequently  exjiressed  when 
enquiries  were  made  by  official  bodies. 


1  hi-  niLil  (jf  sti'unng  tiie  c(>-operuli(jn  of 
the  various  agencies  nriw  in  existence  was 
brought  proininetitly  under  notice  by  tin* 
President  of  the  Chemical  Society  in  his 
address  to  the  Fellows  in  .\pril  last.  Jin- 
|»ressed  by  the  necessity  of  taking  time  by 
the  forelock,  he  sfK)n  afterwards  took  the 
further  step  (jf  culling  together  a  few  of 
those  who  were  specially  concerned  in  for- 
warding the  advance  of  chemical  interests 
to  discuss  a  scheme  of  federation,  with  the 
result  that  it  was  resolved  that  action  be 
taken  forthwith  to  secure  the  formation  of  a 
Federal  Council  with  certain  defined  aims 
and  objects.  It  was  agreed  that  the  ulti- 
mate aim  should  be  the  establishmejit  of  a 
Federation  of  all  the  bodies  sjtecially  inter- 
ested in  the  develojinient  and  api)lication  of 
chemical  science.  In  such  an  association 
the  cf)nstituent  bodies  representative  of  par- 
ticular interests  should  nniintain  their  indi- 
viduality and  each  be  the  organ  of  its  proper 
branch  of  activity ;  but  they  would  unite  in 
considering  all  matters  of  concern  to  the 
general  l)ody,  as  well  as  in  supporting  the 
publicati'ins  of  the  Federation  and  in  main- 
taining a  house  where  all  meetings  could  be 
held  and  the  official  staff  find  acc<nnmr»da- 
tir)n,  together  with  a  comi)lete  library. 

.V    necessary    feature   of   the   enterprise 
would  be  the  foundation  of  a  Club  open  to 
all    member's   of   the    Federation    who   were 
prepared  to  pay  the   Club  dues.     .V   prece- 
dent for  the  Federation   of  chemical   inter- 
ests in  the  manner  outlined   is  afff)rded  by 
the  Koyal   Society  oi  Medicine,   established 
j   in    1907,    in   which   are   incorporated   all   the- 
I  various    societies — to    the    numijer   of    20 — 
I  concerned    with    the    development    of    the 
I  science  of  medicine,  but  excluding  the  col- 
I  leges    which   have   professional    interests    in 
I  their   charge.     This    society    publishes    pro- 
]  ceedings,  in  which  the  work  of  the  several 
I  sections     is     recorded,     but     with     distinct 
[   ]iagination,   so  that  the   publication  of  each 
I  section  mav  be  issued  or  bound  separately. 
Each   section  of  the  society  is  represented 
(jn  the  Coimcil  of  the  Societv  by  its  Presi- 
dent.     The   Royal   Sr)ciety  of  Medicine   has 
its  quarters  in  a  large  buildiii'^  in  Wimpole 
Street,    constructed    at    a    cost    of    t'oO.OOO. 
Originally    it   was   proposed   to   afford    Club 
accommodation  on  a  story  at  the  top  of  the 
building :  from  motives  of  economy  this  pro- 
])osal  was  not  carried  into  effect :  it  is  no\r 
much  regretted  that  such  was  the  decision. 
The  sch.ome  was  communicated  in  broad  out- 
line to  the  various  bodies  more  or  less  closely 


•270 


The  Journal  of  The  Chemical,  Metallurgical  end  Mining  Society  of  South  Africa.     June   1919 


poncerned,  with  a  request  that  they  would 
appoint  delegates  to  a  Council,  which  might 
^eiiouslv  take  the  matter  into  consideration. 
••  As  the  result  of  the  deliberations  of  the 
<lflegates  appointed  by  the  various  bodies, 
a  Federal  Council  has  recently  been  consti- 
tuted, which  is  comj^osed  of  nominees  to  the 
CI  rporate  societies  covering  all  aspects  of 
pure  and  apjilied  chemistry,  the  purpose  of 
the  Council  being  to  take  such  action  as  will 
ensure  the  adequate  ai)preciation  of  the  due 
claims  of  chemical  science.  The  steps  to  be 
taken  towards  establishing  an  Association  or 
(niild  of  Chemical  Societies  and  the  provi- 
sion of  a  house  for  the  accommodation  of 
such  a  body  have  already  engaged  the  atten- 
tion of  the  Council,  and  a  committee  has 
been  appointed  'to  deal  with  these  prob- 
lems. " 

In  the  absence  of  'Sir.  Cazalet,  I  have 
much  jileasure  in  formally  moving  these 
resolutions  in  the  name  of  this  Society : — 

That  this  Society  (1)  Is  desirous  of  secur- 
ing in  Johannesburg  a  joint  house  with  such 
other  technical  and  scientific  societies  as 
have  an  appreciable  proportion  of  their 
members  resident  on  the  Eand. 

The  President:  Excuse  me,  Professor 
Wilkinson.  To  \ou  think  it  is  the  wish  of 
the  meeting  that  we  should  take  these  reso- 
hitions  one  at  a  time,  r^r  en  hloc  ? 

Prof.  G.  H.  Stanley  fPasi-President) : 
One  at  a  tinie. 

The  President:  Does  that  burke  discus- 
sion on  the  matter  ? 

Prof.  J.  A.  Wilkinson:  I  am  entirely  in 
the  hands  of  tho  niettin<^. 

The  President:  Or  sliall  we  narrow  it 
d<-wn  to  one  or  two  resolutions  for  discus- 
sion ? 

Prof.  J.  A.  Wilkinson:  Tliere  is  only  one, 
the  financial  '.iif,  wiiifl)  Professor  Stanley 
has  in  his  mind,  the  third  one,  M'here  there 
would  be  probably  any  real  discussion ;  and 
therefore,  if  it  is  the  wish  of  the  members 
present,  T  will  take  them  seriatim. 

The  President:  I  merely  make  that  sug- 
gestion so  as  to  get  a  little  more  expedition 
and  despatch  about  it.  Just  to  test  the 
feeiing  of  the  meeting,  I  move  that  these 
resolutions  be  taken  one  at  a  time. 

Mr.  H.  R.  S.  Wilkes  {Member):  To  resolu- 
tion No.  H,  which  I  had  an  opportunity  of 
hearing  discussed  five  nights  ago,  there 
appears  to  be  some  objection,  and  a  very 
serious  one.     Perlia])s  it  would  be  better  to 


take  resolutions  Nos.    (1),   (2)   and   (3),    and 
then  the  others  can  be  taken  eu  bloc. 

The  President:  Wfll.  1  think  we  will  fall 
back  on  the  original  scheme ;  Professor 
Wilkinson  will  read  the-  six  resolutions,  and 
we  will  deal  with  tlicm  afterwards  se])ar- 
ately.     Agreed. 

Prof.  J.  A.  Wilkinson:  The  first  resolu- 
tion 1  liave  already  read  (Uit.  The  second 
resolution  says : — ' '  Agrees  to  pay  in  an 
annual  sum,  either  based  on  a  per  capita 
or  other  scale  to  be  agreed,  to  a  Tnist  Fund, 
the  money  so  raised  to  go  towards  the  cost 
of  providing  such  joint  institute." 

(3)  Further  undertakes,  if  legally  possible, 
to  loan  at  interest  any  capital  sums  which 
it  is,  or  maj*  become  possessed  of  from  time 
to  time,  to  such  joint  institute  for  its  legiti- 
mate purposes. 

(4).  Hereby  appoints  two  members  with 
power  to  act  in  conjunction  with  representa- 
tives of  other  participating  societies  as  a 
joint  committee  towards  the  desired  end ; 
including  appealing  for  funds,  drafting  a 
constitution,  fixing  the  basis  of  contril)u- 
tions,  and,  if  these  are  approved  by  indi- 
vidual societies,  securing  land  and  buildings 
for  permanent  or  temporary  quarters,  and 
generally  to  be  responsible  for  the  bringing 
to  fruition  of  the  scheme  for  the  joint 
housing  of  technical  and  scientific  societies 
on  the  Rand. 

5.  Agrees  that  the  joint  committee  shall 
be  empowered  to  receive  and  deal  \\itli 
suggestions  put  forward  by  any  of  the  par- 
ticipating scientific  and  technical  societies 
through  their  nominated  representatives. 

(6)  Agrees  to  the  inclusion  of  the  follow- 
ing societies,   or  so  many  of  them   as  may 
jointlj^  or  severally  agree  to  take  part  in  the 
scheme    as   participating   societies,    namely: 
S.A.   Institution  of  Ensineers, 
Chemical,     ^letallurgical     and     ^Mining 

Society  of  South   Africa. 
S.A.  Institute  of  Electrical  Engineers. 
Association  of  Transvaal  Architects. 
Institute    of    Land    Surveyors    of    the 

Transvaal. 
S.A.  Association  of  Analvtical  Chemists. 
Geogra])hical  Society  of  South  Africa. 
Geological  Society  of  South  Africa. 
S.A.   Association  for  the  Advancement 

of  Science. 
Astronomical  Societv. 
S.A.   Society  of  Civil  Engineers. 
Royal  Society  of  South  Africa. 
Institution    of    Mining    and    Metallurgy 
(Local  Branch). 
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In  Jiecordance  with  the  President's  ruh:.^ 
I  now  propose  Kesohition  No.  (I). 

Mr.    G.    Hildick-Smith     Pnst-Prcsidcnt): 

I     U  ill     -.C.    11(1     lIlMt  . 

The  President :  I  do  not  suc^est  there  can 
be  any  anicndinents.  Is  there  any  discus- 
sion'.'  Th's  meeting?  is  intended  to  ^ive 
nienihers  an  opportunity  of  expressing  their 
views  on  these  resohitions.  and  any  sujjse'^" 
tions  they  may  make  will  he  duly  noted : 
but  I  do  not  think  we  can  take  any  amend- 
ments: either  this  tiling  goes  through,  or  it 
does  not  go  through  ;  any  amendments  can 
only  be  in  the  nature  of  suggestions,  if  you 
decide  to  definitely  turn  down  any  particular 
resolution.  You  see,  this  is  merely  an 
expression  of  views  of  this  particular  Society, 
and  you  have  got  to  take  this,  or  leave  it, 
so  to  speak,  and  submit  any  other  sugges- 
tions you  can  make,  but  you  cannot  rule 
anything  to  the  contrarv. 

Prof.  J.  A.  Wilkinson:  1  hope  there  will 
be  some  discussion.  I  have  acted  as  your 
representative  for  some  considerable  time  on 
this  Comniittee,  at  the  request  of  the  Coun- 
cil, and  I  hope  whomsoever  you  will  send 
to  this  Committee  will  be  able  to  state 
brietly  that  the  members  in  General  Meeting 
assembled  also  showed  rntlmsiasm  in  this 
respect . 

The  President:  There  dvwv^  im  further 
commtnt<,  and  as  Kesolution  No.  (1)  has 
been  formally  jiroposed  and  seconded,  I  will 
now  put  it  to  the  meeting.  Declared  car- 
ried . 

Prof.  J.  A.  Wilkinson:  T  now  nmve  the 
second  resolution. 

The  President:  If  you  get  a  joint  house 
you  i!iu-r  !  ■  prepared  to  support  it:  I  think 
that  is  what  it  means. 

Mr.  G.  Hildick-Smith:  I  second  that  reso- 
lution. 

Mr.  C.  J.  Gray  { Member  of  Council): 
Does  iiot  it  dimply  say  that  the  amount  is 
to  be  one  that  is  agi-eed  upon  ?  I  take  it 
that  that  agreement  will  come  up  for  con- 
sideration at  some  future  date.  Therefore 
the  motion  can  be  passed  without  any  nu,<- 
tion. 

The  President:  I  think  all  it  asks  lur  i- 
an  .■xpiv--ii  n  .  f  willingness. 

It  has  been  moved  and  seconded  that 
Resolution  Xo.  (2)  be  passed.  It  is  one  on 
which  there  should  be  uo  possible  misunder- 
standing.    Declared  earned. 


Prof.  J.  A.  Wilkinson:  l;.^.-, ,,    > 

is  the  contentious  one.  I  beg  to  move  it, 
for  the  purpose  of  discussion,  and  I  hoj»<- 
somebody  will  second  it,  eviii  if  \\v  amend 
it  afterwards.     It  reads  that : — 

(3)  "  This  Society  further  undertakes,  if 
legally  possil)le,  to  loan  at  interest 
any  capital  siuns  which  it  is,  or 
nuiy  become  possessed  of  from  time 
to  time,  to  such  joint  institute  for 
its  h'gitiniate  purposes." 
In  the  lialance  sheet  which  has  been 
brought  ffirward  this  evening  you  will  see 
the  cash  on  fixed  deposit  and  accrued  inter- 
est amounts  to  £400  odd;  the  cash  in  the 
Post  Office  is  a  sum  of.  with  accrued  inter- 
est, t.")0  12s.  Id.  :  that  is,  roughly  speaking, 
a  sum  of  t400  that  this  Society  has  in  the 
l)ank  against  a  rainy  day.  Now,  what  this 
particular  resolution  says  is  this:  "Lend 
us  the  money,  take  a  first  mortgage  on  the 
building:  we  will  give  you  a  percentage  on 
it."  Hut  supjiose,  for  example,  this  Society 
intends,  and,  of  its  own  accord,  desires  at 
some  future  date  to  have  some  moneys  at 
its  disposal  for  some  particular  object  that 
it  desires  to  push  forward  :  If  the  money  is 
lent  to  the  joint  house  then  it  may  not  be 
possible  to  get  it  at  a  moment's  notice,  and 
the  Society  may  require  to  make  other  finan- 
cial arrangements  for  the  time  being,  on  the 
strength  of  the  mortgage  bond  for  the  loan 
to  tiie  Conmiittee  of  the  joint  house.  That 
is  the  real  objection  to  this ;  and,  of  course, 
if  ,vou  like  to  amend  it.  it  is  within  your 
power  to  do  so. 

The  President:  In  other  words,  we  have 
to  say  tliat  we  are  quite  prepared  to  take 
everything  for  nothing,  to  never  back  our 
own  interests  with  a  farthing :  that  is  about 
what  it  amounts  to  I 

Mr.  J.  E.  Thomas  (Past  -  President): 
Might  I  ask  how  often  we  have  had  to  touch 
our  sums  on  fixed  deposit,  say,  in  the  last 
six  years  *? 

The  Secretary:  Not  once 

Mr.  J.  E.  Thomas:  I  bee  to  second  the 
ad^'pti'  11  "t  tlir  tliiid  Eesolution. 

Prof.  G.  H.  Stanley:  I  would  like  to  sup- 
port this  resolution  if  the  means  at  the 
disposal  of  any  of  the  societies  in  .Johannes- 
burg were  really  material  in  connection  with 
this  housing  scheme.  The  scheme  proposed, 
I  think,  is  estimated  to  cost  ■something  like 
tllO,(H30.  We  have  about  £4.')0 :  it  is  abso- 
lutely negligible  in  that  connection ;  on  the 
other  hand,  we  are  jirepared,  I  tak*-  it.   in 
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it  iciiuirid  considerable  temerity  before 
re-iiitKRliu-ing  the  same  in  a  teelinical 
society.  Tlie  main  object  in  doing  so  was  to 
brini,'  forward  what  appeared  t^i  tbe  author 
to  lie  some  sliortconiiii^'s  in  the  standard 
method. 

Mr.  Jas.  (iray  is  (it  the  o|iini<in  that  tlie 
authdr's  cdnclusions  are  based  on  insuflBcient 
evidence,  and  is  apjjarently  of  tlie  belief 
tliat  strict  accordance  with  the  Standard 
]\Ieth(d  will  f^'ive  the  best  results.  With 
this  1  d(i  nni  agree.  The  results  given  in 
the  original  jKiper  are  only  typical  of  many 
experiments  carried  out,  and  it  was  only 
after  considerable  work  had  been  done  that 
the  modified  method  described  was  adopted. 
In  the  author's  opinion  the  modification- 
particularly  with  regard  to  the  fine  grinding, 
length  of  time  of  agitation  and  settling  over- 
night before  titrating — has  been  fullv  justi- 
fied. 

Mr.  Gray  states  tliat  it  is  well  known  that 
standing  overnight  before  titrating  tends  to 
give  l<iw  results.  This  may  be  so,  but  our 
investigations  showed  that  practically  iden- 
tical results  were  obtained  wliether  the 
solution  was  filtered  and  titrated  direct,  or 
when  the  same  was  allowed  to  stand  over- 
night before  titrating.  While  agreeing  with 
Mr.  Gray  that  proper  standardization  of  the 
acid  is  one  of  the  essential  details  in  the 
analysis,  it  is  hard  to  think  that  any  chemist 
would  use  an  acid  for  this  purpose  which 
had  not  been  properly  standardized. 

With  Mr.  Watson's  remarks  I  am  in 
complete  agreement.  The  method  described 
by  him  as  being  in  use  at  the  Consolidated 
Gold  Fields  laboratory  is,  with  the  excep- 
tion of  small  differences  of  manipulation, 
practically  the  same  as  that  descrilied  by 
the  author,  and  is  all  the  more  welcome  as 
con'oborative  evidence  that  the  Standard 
Method  is  not  all  that  is  to  be  desired. 


THE  APPLICATION  OF  THE  THEORY 

OF  PROBABILITY  IN  THE 
DETERMINATION  OF  ORE  RESERVES 


Bv  G 


A.    Wateumfver   (Member  of 
Council). 


(Printed  in  Journal,  January,   1919.) 


DISCUSSION. 

Mr.  J.  S.  Olver  (ViHiior):  I  have  been  in 
close  touch  witli  sampling  on  the  Rand  for 
the  past  sixteen  years,  and  have  made  an 
attempt  to  improve  sampling  practice  and 


to   estaljlish    higher   Rtundards   of    ar'f*i;njrv 
in   a   number  of  mines  in   vur 
the  Rand;  but  I  agree  with  Mr 
that  the  results  secured  from  samphng  an? 
still    in    many    iiiKtances   far   from    Katisfac- 
tory.       I   therefore  uelconje  any  revival  of 
interest  in  a  subject  w  hidi  I  consider  to  be 
one   of   the   most   important   factors   in   the 
successful    working    of    the    Rand    banket 
]iut   a  careful   consideration  of  Mr.    WmLt- 
meycr's  system  and  a  <  ' 
fiver  several  months,  (  ; 
on   one  of  the   mines   iii    wljjch   ii 
tried  have  convinced   nie   that   tlii> 
!  if  adopted,   will  do  much  more  hann  tlian 
good. 

Mr.  Watermeyers  view  of  the  common 
methods  of  sampling  may  be  il1i>-»r:.t..f|  by 
a    single     quotation.        After  to 

predictions  of  value  based  on  <  ■  n wuiiunal 
practice,  modified  by  certain  methods  of 
adjustment,  he  says:  "The  results  of  the 
})redictions,  all  will  agree,  are  not  commen- 
surate with  the  time  and  mo!  •  on 
the  sampling  and  assaying.  Ex  has 
shown  that  predictions  deterniin«rd  on  the 
arithmetic  mean  of  the  samples  are  invari- 
ably in  excess  of  the  mill  return.  One  is 
led  to  the  conclusion  that  the  arithmetic 
mean  of  the  samjiling  results  is  not  the  most 
probable  mean.  We  shall  have  to  go  farther 
and  see  whether  there  is  not  some  law 
governing  the  distribution  of  values  which 
will  enable  us  to  arrive  at  a  much  closer 
valuation  than  has  heretofore  been  possi- 
ble." Is  not  the  conclusion  expressed  liere 
an  unwarranted  inference  ?  The  fact — 
which  I  admit — that  the  mean  is  in  most 
instances  too  high  does  not  necessarily  show 
that  the  method  of  "meaninc"  is  wrong.  It 
might  also  be  due  to  the  improper  taking  and 
handling  of  the  individual  samples,  and  I 
believe  that  this  is  in  fact  the  true  explana- 
tion. 

I  wrote  a  paper  on  sampling  eleven  years 
ago  for  the  then-existing  Transvaal  In.stitute 
of  Mine  Survevors.  and  the  paper  was  re- 
published in  "'Faults  and  Dykes"  (1911). 
My  view  of  the  results  obtainable  by 
methods  which  involved  ^'-  -  use  of  the 
arithmetic  mean  may  be  expressed  in  the 
following  quotations: — (1)  "The  mistakes 
which  are  to  be  feared  are  those  which  are 
the  result  of  a  personal  bias  in  one  direction. 
The  law  of  averages  is  always  on  the  side 
of  the  intelliirent  and  careful  sampler,  since 
it  in  time  tends  to  eliminate  all  accidental 
errors,   but  it  does  not  help  the  man  who 
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works  on  wrong  principles.  The  personal 
bias  of  an  untrained  sampler  is  almost 
invariably  in  the  direction  of  excess  in 
value.'"  (2)  "The  author  is  convinced  by 
results  obtained  in  several  mines,  by  other 
samplers  as  well  as  by  himself,  that,  leaving 
the  error  in  the  estimation  of  stoping  width 
out  of  the  question,  the  actual  sampling  can 
be  done  with  a  jirobable  error  of  5~'.  ...  it 
is  assumed  that  the  samples  from  which  the 
average  is  obtained  are  sufficiently  luniierous 
to  eliminate  the  effect  of  accidental  errors." 

"  Now,  this  degree  of  accuracy  is  more 
than  sufficient  for  all  practical  pm'poses.  If 
the  exact  value  of  the  reef  exposed  in  the 
drives  and  winzes  around  a  single  block 
were  known,  it  is  likely  that  this  result,  as 
an  estimate  of  the  value  of  the  block,  would 
have  a  probable  error  in  the  neighbourhood 
of  15\  or  20/  ,  while  the  actual  error  would 
in  some  cases  be  far  greater  than  that. 
Again,  every  estimate  of  milling  grade  cal- 
culated from  development  values  must  be 
made  upon  an  assumed  stoping  width  and 
n  an  anticipated  percentage  of  sorting,  and 
the  probable  error  of  these  together  would 
certainly  not  be  less  than  5%.  The  author 
therefore  holds  that  it  is  waste  of  time  to 
try  to  reach  a  maximum  probable  error  of 
less  than  5':.  ' 

Writing  after  a  greatlv  extended  experi- 
ence, I  maintain  that  these  quotations  from 
my  paper  give  a  good  working  idea  of  the 
standard  of  accuracy  which  should  be 
demanded  in  the  valuation  of  the  average 
unoxidized  ore  of  the  Eand.  Now,  if  an 
a.j)proximation  to  this  standard  can  be  main- 
tained in  practice  by  means  of  the  simple 
methods  advocated  in  my  previous  i:»aper, 
it  is  evident  that  the  elaborate  system  sug- 
gested by  Mr.  Watermeyer  is  unnecessary. 
But  I  shall  try  to  prove  that  the  later  sys- 
tem is  unsound,  and  that,  if  generally 
adopted,  it  will  prove  positively  harmful  by 
lowering  permanenth'  the  standard  of  work 
done  by  samplers  on  the  Eand. 

Mr.  Watei-mej-er's  frequency-  curves  were 
obtained  by  taking  all  the  recorded  section- 
values  in  stopes  over  twelve  months  and 
noting  the  frequency  of  values  between  cer- 
tain inteiwals.  This  was  probably  the  cor- 
rect procedure  for  obtaining  a  curve  for 
application  to  stoping  values,  but  ought  not 
another  curve  to  be  made  for  the  correction 
of  development  values  ?  The  stops  values 
would  practically  all  be  taken  from  payable 
blocks,  while  half  the  development  sections 
might  well  be  in  unpayable  ground.      The 


frequency  of  high  values  would  be  much 
greater  in  the  stopes.  I  imagine  that,  if 
two  curves  were  used,  some  curious  contra- 
dictions would  be  found,  but  the  two  curves 
appear  to  me  to  be  a  logical  development  of 
the  system.  But,  however  that  may  be, 
either  of  the  cuiwes  must  be  erected  upon 
actual  sampling  results,  and  must  absorb 
and  perpetuate  all  the  defects  of  the  past 
sampling.  It  is  difficult  to  see  liow  a  curve 
based  on  the  indifferent  sampling  of  the 
previous  year  can  be  relied  upon  to  correct 
the  indifferent  sampling  of  the  present  3"ear. 

I  should  like  to  ask  ]\Ir.  Watermeyer  this 
question  :  If  the  curve  were  based,  say,  on 
a  thousand  section-values,  and  these  sections 
were  all  recalculated  with  the  help  of  the 
curve,  would  not  the  adjusted  average  value 
be  exactly  as  before  '?  If  so,  his  system  has 
merely  reproduced  the  arithmetic  mean, 
which  he  had  dismissed  as  wrong.  The  only 
claim  left  would  then  be,  presumably,  that 
the  individual  blocks  or  stope  faces  are  more 
correctly  valued.  It  would,  in  any  ease,  be 
very  hard  to  accept  the  accuracy  of  the 
individual  factors  when  tlie  tot^l  was  admit- 
tedly wrong,  but,  aj)art  from  that,  I  tliink 
it  can  be  proved  conclusively  that  the  system 
fails  woefully  to  justify  this  remaining  claim. 

Let  us  make  a  few  calculations,  using  the 
table  provided  for  the  West  Eand  Consoli- 
dated Battery  Eeef.  Let  us  suppose  that 
ten  sections  were  taken  in  a  stope,  and  that 
nine  of  them  each  returned  the  average 
value  of  the  mine,  say  475  inch-dwt.,  while 
the  tenth  returned  75  inch-dwt.  The  value 
of  the  face,  calculated  by  ordinary  metliods, 
would  be  10-25  dwt.  over  42  in.  By  the 
new  system  the  value  works  out  at  9'85 
dwt.  Now  let  us  suppose  that  the  nine 
sections  in  this  stope  had  yielded  1,475  inch- 
dwt.  each — not  at  all  an  unusual  average 
for  this  mine — while  the  tenth  remained  at 
75  inch-dwt.  The  ordinary  valuation  would 
then  have  been  31*78  dwt.  and  the  adjusted 
value  3*08.  It  will  be  seen  that  a  single 
low  value  in  ten  sections  has  in  this  case 
reduced  the  average  from  31  dwt.  to  3  dwt. 
— surely  far  too  great  an  influence  for  a 
single  sample,  even  though  one  could  be 
certain  that  it  was  correctlv  taken  on  the 
right  reef  and  that  no  mistake  had  occurred 
in  the  subsequent  handling  of  the  sample. 
I  wonder  how  many  mine  managers  would 
allow  this  stope  to  be  stopped  as  unpayable  ? 
Yet  this  ought  to  be  done  if  the  system  is 
accepted.  But  that  is  not  all.  A  trebling 
of  the  value  of  nine  out  of  the  ten  sections 
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liMs  !K-timlly  rfduced  tlic  value  of  the  stope 
to  less  than  one-tliird  of  tlio  former  value 
ol)taiiied  by  the  same  system  ! 

Tlie  above  is  a  hypothetical  ease,  but  I 
could  sluiw  a  very  similar  case  from  the 
actual  sami)ling  (jf  the  Battery  section. 
Here  are  some  actual  c;'ses: — 

((/ 1  Six  sections  taken  in  a  stope  gave  the 
following  values  over  a  stoping  width  :  2, 
2H,  42, '7."),  210  and  ;iO;)  dwt.,  giving  an 
average  of  UG  dwt.  over  87  in.  The  adjusted 
value  was  4'1  dwt.  In  the  course  of  three 
months  10  sections  have  been  taken  in  this 
stope,  and  they  have  averaged  10")  dwt.  over 
38  in.,  while  the  lowest  average  for  any  of 
the  months  was  90  dwt.  In  a  mine  of  this 
sort  the  frequency  table  ought  to  go  up  to 
at  least  8,000  inch-dwt.  (the  average  for 
10  sections  was  about  4,000  inch-dwt., 
while  eight  of  them  returned  over  2, oOO  inch- 
dwt.  each),  and,  if  such  a  table  had  been 
used,  the  adjusted  value  would  no  doubt 
have  been  a  good  deal  lower  than  4*1  dwt. 
But  that  figure  is  sutficiently  absurd. 

(/))  Thirteen  sections  taken  during  two 
months  in  a  stope  gave  an  average  of  ~)1'o 
dwt.  over  53  inches.  Nine  of  the  sections 
returned  over  1,500  dwt.  each.  The  adjust- 
ed average  was  9"58  dwt. — much  too  severe 
a  reduction.  If  the  inch-dwt.  from  three 
of  the  sections  had  been  adjusted  down  to 
4,000  each,  the  average  would  still  have 
been  44'3  dwt.  The  valuation  for  the 
preceding  month  was  30'32  dwt.  (unadjust- 
ed), and  six  out  of  eight  sections  in  that 
month  each  went  over  20  dwt.,  so  that  the 
mcrease  during  the  next  two  months  was 
not  very  extravagant. 

{(•)  A  curious  feature  of  Mr.  WateiTneyer's 
system  is  brought  out  by  the  figures  for  one 
of  the  two  months,  wliich  were  taken 
together  in  example  {h).  In  that  month 
eight  sections  gave  an  average  of  08'2  dwt. 
The  lowest  was  13  dwt..  and  the  next  lowest 
28-8  dwt.  The  adjusted  average  was  12*8 
dwt.,  i.e.,  lower  than  the  lowest  actual 
section. 

(d)  Six  sections  gave  an  average  of  37'3 
dwt.  over  50  in.  If  the  inch-dwt.  of  the 
richest  section  had  been  cut  down  to  those 
of  the  next  richest,  the  average  would  still 
have  been  25 "50  dwt.  The  adjusted  average 
was  4'1  dwt. 

[c)  To  show  that  such  freakisli  results  are 
not  confined  to  the  Battery  Keef,  I  will  give 
an  instance  fi'om  the  ^lain  Reef  Section  of 
the  West  Eand  Consolidated.  Seven  sec- 
tions in  a  stope  gave  an  average  of  20"1  dwt. 


over  41  in.  Five  'consecutive  monthly 
sami)lings  (two  preceding  and  two  Rucoeed- 
ing  the  on«'  under  coiiKidcnition)  gave  an 
avcragif  of  15-1  dwt.  over  87  in.  This  value 
of  20"  1  dwt.  was  adjusted  down  to  .'••o  dwt. 
Jn  the  portion  of  the  prop«*rty  from  which 
this  instance  was  drawn  the  ore  reserves 
show  a  high  assiiy  value,  but  a  very  low 
percentage  of  payability.  If  adjustments 
such  as  this  were  accepted  as  correct,  the 
only  j)ossil)le  recoui'se  would  he  tf>  clo.se 
down  the  shaft  concerned.  I  append  the 
details  of  the  seven  sections,  and  I  think 
most  experienced  samplers  will  agree,  after 
■'  examining  them,  that  a  severe  reduction  of 
values  in  such  a  case  is  inadmissible,  the 
more  so  when  the  history  of  the  stope  is 
considered.  I  give  the  sampling  channels, 
with  the  sample  widths,  and  (in  brackets) 
the  assays : — 

(a)         (b)         (c)         (d)  (e)  (/)  (g) 

S(5)     1(1(5)     8(7)     10(27)  10(4.5)  12(14)  10(20) 

11(16)8(11)10(7)  10(.T-')  12(.r2)  12(27) 

10(4)  HI  (95)  12(25)  12(126) 

1  have  recently  met  with  a  case  in  another 
mine  where  in  a  part  of  a  stope  the  values 
might  have  been  expressed  in  percentages, 
like  those  of  tin  or  copper.  In  this  case  a 
table  going  up  to  about  50,(JO0  incli-dwt. 
would  have  been  required.  Now,  suppose 
that  five  sections  had  been  taken  in  the  rich 
area  and  one  just  outside  it,  and  that  the 
latter  had  returned  150  inch-dwt.  The 
value  of  the  stope  would  then  have  been 
adjusted  to  unpayability.  It  may  be  that, 
according  to  the  law  of  probabilities,  these 
rich  zones  ought  not  to  exist,  Tout  the  fact 
is  that  they  do,  and  samplers  are  concerned, 
not  with  what  ought  to  be,  but  with  what 
is. 

Another  defect  of  the  new  system  is  that 
it  makes  no  allowance  for  great  changes  in 
stoping  width.  Suitposing,  as  might  easily 
be  the  Cctse  in  the  Battery  Series,  it  were 
decided  to  increase  the  width  of  a  stope  to. 
say,  200  inches,  in  order  to  bring  in  the 
hanging-wall  reefs.  If  the  stope  is  to 
remain  payable  it  must  now  return  at  least 
a  thousand  inch-dwt.  per  section,  and  some 
sections  would  probably  go  a  good  deal 
higher.  The  weight  of  such  high  values  in 
the  table  is  very  low.  and  a  single  poor  sec- 
tion would  so  far  outweigh  the  others  that 
the  stoj^e  would  be  returned  as  unpayable. 

It  seems  evident  that  there  is  something 
wrong  with  a  system  which  produces  results 
such  as  those  quoted  above.  Against  these 
must  be  set  the  figures  given  by  Mr.  Water- 
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meyer.  With  a  single  exception  the  monthly 
estimates  quoted  by  him  show  a  satisfactory 
agreement  with  the  recovery  value,  but  that 
does  not  by  any  means  prove  that  the 
system  is  correct.  I  have  no  doubt  at  all 
tiiat  the  explanation  of  the  agreement  is 
that  the  actual  sampling  has  given  too  high 
results,  and  that  the  new  system — on 
account  of  the  reduced  influence  of  high 
values  and  the  exaggerated  influence  of  low 
values — tends  to  make  a  heavy  reduction  in 
the  general  average.  An  equally  good 
agreement  could  be  got  much  more  easily 
by  applying  a  samjiling  factor.  Even  if  it 
could  be  ])roved  that  the  system  gave  the 
true  average  value  of  the  ore,  its  use  would 
never  be  justified  so  long  as  it  returned 
individual  results  so  glaringly  wrong  as  those 
quoted  above.  That  they  are  wrong  will 
uot,  I  am  sure,  be  doubted  for  an  instant 
by  anyone  qualified  to  give  an  opinion  on 
the  nature  of  the  ore  in  the  areas  from  which 
the  examples  were  drawn. 

The  main  puii^oses  of  mine  sampling  are 
1)  to  give  as  nearly  as  possible  the  value  of 
t-ach  block  and  of  each  stope  face,  in  order 
that  it  may  be  decided  whether  the  block  or 
face  is  payable,  and  (2)  to  value  each  band 
of  reef  separately  as  a  preliminary  to  decid- 
ing upon  the  most  profitable  stoping-width. 
Each  block  or  stope  and  each  band  of  reef 
has  to  be  considered  separately  and  judged 
on  its  own  merits,  apart  from  any  law  of 
iirobability.  I  think  I  have  given  instances 
t-nough  to  show  that  the  new  system  does 
not  attain  the  first  of  those  objects,  while  it 
dfjes  not  even  attempt  to  influence  the 
>econd. 

The  system  is  an  interesting  essay  in 
mathematics,  but  I  believe  it  to  be  based  on 
a  misconception  of  the  nature  of  the  gold 
deposits  of  the  Rand.  The  more  these  are 
studied  the  clearer  it  becomes  that  the 
^lain  Reef  Series  is  characterized  throughout 
hy  zones  or  shoots  of  high,  medium  and  low 
grade  ore.  The  range  between  the  payable 
medium-grade  ore  and  the  high-grade  ore  is 
often  vers'  large  and  the  change  from  one 
to  another  of  the  three  grades  is  sometimes 
very  abrupt  A  zone  of  either  grade  may 
be  of  almost  any  size,  but  it  will  seldom  be 
found  that  a  uniform  value  extends  over 
the  whole  area  of  a  mine  of  average  size  on 
the  Rand.  Further,  though  sharr)  fluctua- 
tions may  be  found  in  the  value  of  consecu- 
tive sections  within  a  zone,  the  average  of, 
say,  seven  or  eight  such  sections  will  usually 
conform  fairlv  closelv  to  the  average  grade 


of  the  zone.  We  find,  then,  a  fair  unifor- 
mity within  the  zones,  but  marked  contrasts 
between  the  values  of  contiguous  areas  in 
the  same  mine.  Anyone  wlio  has  a  wide 
knowledge  of  the  reefs  of  the  Rand  could 
point  to  many  instances  where  in  one  area 
of  a  mine  the  probability  of  finding,  say, 
400  inch-dwt.  in  any  section  might  be  about 
70%,  while  in  another  area  it  might  be  no 
more  than  2'/.  It  is  evident,  then,  that  a 
frequency  table  based  on  sections  taken 
throughout  that  mine  would  be  wrong  if 
applied   to  either  of  the   areas  referred   to. 

But  that  is  not  all.  The  above  remarks 
refer  to  zones  within  a  single  pay-horizon. 
There  are  six  known  potential  paj'-horizons 
on  the  Rand.  It  is  very  rarely  that  they 
are  all  payable  in  the  same  area,  but  three 
or  four  of  them  commonly  show  .payable 
areas  in  a  single  mine.  Each  of  these  has 
peculiarities  with  regard  to  the  quantity  and 
distribution  of  its  gold,  and  a  frequency 
table  prepared  indiscriminately  from  all  of 
them  would  probably  not  be  applicable  to 
any  one  of  tlieni.  Further,  all  these  hori- 
zons may  fall  within  a  possible  stoping 
width,  and  this  condition,  as  pointed  out 
above,  introduces  a  further  complication^ 
the  factor  of  stoping  width. 

In  order  to  apply  the  law  of  probabilities 
properly  it  would  be  necessary  to  construct 
a  table  for  each  zone  in  each  separate  reef, 
or,  where  more  than  one  reef  could  be  car- 
ried in  a  stope,  for  an  area  of  composite 
reef.  But  then  the  system  would  become 
entirely  impracticable. 

I  believe  that  in  nearly  every  mine  where 
good  profits  have  been  returned  those  pro- 
fits have  been  nearly  all  won  from  a  com- 
])aratively  small  proportion  of  high-grade 
ore.  The  bulk  of  the  ore  crushed  on  the 
Rand  returns  little  or  no  direct  profit, 
though  it  helps  to  reduce  the  cost  of  mining 
the  high-grade  ore.  In  such  circumstances 
any  system  which,  as  this  system  undoiibt- 
edi}^  does  when  indiscriminately  applied, 
cuts  down  severely  the  high  values  must  so 
far  reduce  the  value  of  the  ore  reserves  as 
to  leave  very  little  inducement  to  carry  out 
a  bold  policy  of  development.  This  con- 
sideration applies  especially  to  the  case  of 
a  reef,  such  as  the  South  Reef  Leader  or 
the  jNIain  Reef  Footwall  Leader,  which 
exhibits  high  values  with  a  low  percentage 
of  payability.  Where  the  bulk  of  the  ore 
in  a  mine  is  supplied  by  another  reef  with 
comparatively  low  but  even  grade,  and  a 
frequency  table  based  mainly  on  the  values 
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in  till'  latter  roc-f  is  ajiplifd  to  the  ridi 
zo!U's  ill  tile  piitcliv  ivt'f,  tliosi;  /ones  aro 
likely  to  he  adjusted  down  to  a  grade  wliieli 
would  not  justify  the  cost  of  locating  and 
•exploiting  the  isolated  zones. 

Apart  from  considerations  of  accuracy, 
any  system  which  involves  uniu'cessarily 
lahorious  calculation  should  he  discouraged. 
It  takes  up  time  which  wouM  he  much  more 
usefully  employed  hy  the  sami^lers  in  inves- 
tigation underground  or  on  the  surface,  in 
studying  the  plans  and  records,  in  supervis- 
ing the  crushing  of  samples,  in  panning,  or 
in  discussing  with  other  officials  matters 
relating  to  their  mutual  work 

One  of  the  most  serious  dangers  of  the 
system,  to  my  mind,  is  that  it  will  almost 
inevitahly  lower  the  standard  of  etficiency  of 
sampling.  A  conscientious  sampler  will  give 
especial  care  to  the  taking  and  measuring 
of  a  sample  which  is  likely  to  give  a  higli 
value;  hut,  when  he  sees  the  influence  of 
such  values  repeatedly  reduced  to  vanishing 
point,  he  will  almost  inevitably  become  less 
careful.  A  man  whose  values  are  frequently 
adjusted  in  the  manner  illustrated  above  is 
apt  to  say  to  himself  th  t  sampling  has 
become  a  farce,  and  will  thus  lose  interest 
in  his  work  ;  or,  if  he  has  faith  in  the  sys- 
tem, he  will  come  to  rely  upon  it  to  correct 
deficiencies  in  his  work.  In  either  case  that 
work  is  almost  certain  to  deteriorate.  But 
perhaps  the  most  dangerous  feature  in 
Mr.  Watermeyer's  paper,  if  it  be  accepted, 
is  his  statement  that  a  large  en*or  of  excess 
is  inherent  in  ordinary  mine  sampling  on  the 
Eand.  If  the  theory  of  inherent  error  be 
once  generally  accepted,  it  will  be  almost 
impossible  to  bring  about  any  material  im- 
provement in  sampling  practice,  and  I  am 
firmly  convinced  that  the  only  way  to 
improve  sampling  results  is  to  improve 
sampling  practice. 

T  believe  that  the  common  excess  over 
the  mill-yield-plus-pnlp  value  is  mainly  due 
to  the  following  causes:  (1)  The  tendency 
to  take  samples  where  the  reef  is  best 
defined;  (2)  the  tendency  to  take  into  a 
sample  too  great  a  weight  of  the  richer  part 
of  the  reef ;  (3)  over-estimation  of  the  sam- 
ple width  ;  (4)  under-estimation  of  the  stope 
width .  (5)  salting  during  the  crushing  of 
samples;  (6)  unavoidable  mining  of  waste 
rock  in  faulted  ground;  (7)  unauthorized 
sending  of  unpayable  rock  to  the  mill.  To 
these  might  be  added  in  certain  instances 
the  over-estimation  of  percentage  sorted,  of 
tonnage  crushed,  and  of  recovery  percentage. 


The  tjisi  i.M.  .i  ill.-.  .  .111^.  -  ,11.  uiiliin 
the  control  of  the  sampler.  The  fifth  some- 
times is  not,  hut  aliraijH  tntijUl  in  he.  I 
have  recently  been  told,  on  what  should  be 
uii(]ueHti<jnable  authority,  of  a  case  in  which 
the  salting  of  samples  made  a  large  un|)ay- 
able  sectirin  of  a  mine  ap|)ear  for  a  long 
time  to  he  decich'dly  payable  I  consider  it 
most  iniportiirit  that  the  crushing  of  Ratn[)Ie8 
be  done  under  the  direct  sujiervision  of  the 
sampler.  Where  this  is  done  he  can  retain 
complete  control  of  the  samf>leR,  not  merely 
until  they  are  sent  to  the  assay  office,  but, 
by  a  simple  system  of  keeping  duplicates  of 
the  samples  sent  in,  until  the  assay  values 
have  been  returned  to  him  and  accepted 
by  him  as  coiTCct. 

I  have  been  asked  to  suggest  a  niellifKl  of 
adjustment  to  put  in  place  of  Mr.  Water- 
meyer's method.  Personally,  I  would  lay 
down  no  hard  and  fast  rule.  I  think  that 
adjustment  is  very  rarely  necessary-  where 
sampling  practice  is  good,  and  that  a  com- 
petent chief  sampler  with  a  good  knowledge 
of  his  mine  should  be  qualified  to  judge 
when  and  to  what  extent  adjustment  is 
called  for.  When  a  sudden  departure,  in 
either  direction,  from  the  usual  is  met  with 
in  development,  the  result  should  always 
be  checked  by  resampling.  Where  three,  or 
even  two,  unusually  liigh  values  follow  each 
other  in  a  stope,  I  should  take  their  mutual 
confirmation  to  be  sufficient — j)rovided 
always  that  I  was  satisfied  that  the  values 
represented  a  correct  return  from  the  sam- 
ples as  taken  underground — and  should  let 
them  stand.  A  single  exceptionally  high 
section  in  a  stope  might  be  averaged  with 
its  two  neighbours,  and  the  average  substi- 
tuted for  the  high  value.  Where  an  occa- 
sional high  value  makes  the  difference 
between  payability  and  unpayability  in  a 
stope.  the  whole  face  should  be  resampled 
at  short  intervals ;  and,  if  isolated  high 
values  occur,  they  should  be  accepted.  It 
must  be  remembered  that  vers-  low  values 
are  just  as  likely  to  be  wrong  as  ver\-  high 
ones.  The  range  is  greater  in  the  latter 
case,  but  in  the  long  run  the  errors  on  one 
side  ought  to  balance  the  errors  on  the 
other. 

A  practice  which  is  sometimes  used 
is  to  set  a  maximum  of  1,(XM1  inch-dwt. 
per  section,  but  1  consider  this  practice 
entirely  inadmissible.  Take  the  case  of  a 
very  wide  stope.  In  a  '2o  ft.  stope  the 
highest  value  that  could  be  got  in  any 
section    would    be    3-33   dwt.      This    is    an 
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extreme  case,  but  the  wider  the  stope  the 
less  is  the  Latitude  allowed  by  this  method. 
Again,  take  the  ease  mentioned  above  where 
the  average  of  sixteen  sections  was  4,000 
inch-dwt.  This  iiile  would  bring  the  aver- 
age down  to  about  800  inch-dwt.,  and  I 
am  sure  that  this  reduction  would  be  alto- 
gether unjustifiable.  I  have  carefully  exam- 
ined the  position  in  this  instance,  and  I 
should  onlv  reduce  the  value  of  one  section 
—from  18,000  inch-dwt.  to  8,000.  the 
average  value  of  the  three  next  highest 
sections.  This  represents  a  reduction  of 
21"  on  the  16  sections.  On  the  other  hand, 
a  limit  of  1,000  inch-dwt.  would  be  far  too 
liigh  for  ajiplication  to  poor  areas.  , 

The  great  objection  to  all  detailed  adjust- 
ments is  that  they  tend  to  cover  up  the 
defects  in  the  sampling.  If  the  sampling 
i-  bad.  it  is  far  better  that  the  management 
>iiould  know  it. 

As  to  applying  a  constant  percentage 
reduction,  it  may  be  absolutely  necessary  to 
do  this  in  valuing  the  ore  reserves  where  the 
standard  of  sampling  is  not  high,  but  this 
adjustment  is  a  very  poor  substitute  for 
high-class  sampling.  The  trouble  with 
indifferent  work  is  that  the  error  is  not  con- 
stant, and  that  where,  say,  a  30%  reduction 
gives  a  fairly  correct  average  for  the  whole 
of  the  ore  reserves,  a  10%  reduction  might 
have  been  sufficient  for  a  block  containing 
a  certain  class  of  reef,  while  a  50%  reduction 
might  not  have  been  too  much  for  a  block 
containing  a  different  type  of  reef. 

It  cannot  be  too  strongly  insisted  upon 
that  sampling  is  not  an  exact  science,  and 
that  one  is  almost  entirely  dependent  upon 
the  honesty  and  judgment  of  the  sampler. 
If  the  chief  Siunpler  cannot  be  relied  upon  to 
do  the  adjustment  honestly,  he  should  be 
got  rid  of  at  once  ;  and  if  his  judgment  is  not 
to  be  relied  upon  in  this  respect,  I  should 
not  allow  him  to  make  any  adjustment 
whatever  without  superior  authority.  In 
any  case,  adjustment  should  be  very  spar- 
ingly used,  and  every  instance  should  be 
conspicuously  marked  in  the  records,  Ijotli 
the  original  and  the  adjusted  value  being 
recorded. 

I  anri  more  and  more  convinced  that 
serious,  Ijut  usually  undetected,  losses 
are  taking  place  on  many  mines  on  the 
Band  through  the  neglect  of  sampling  and 
of  that  study  of  reefs  for  which  sampling 
is  the  best  possible  school.  I  have  no  liesi- 
tation  in  saving  that  the  average  under- 
ground official  is  not  well  equipped  for  tlie 


work  of  identifying,  tracing  and  locating 
reefs  and  the  detection  of  faults :  and  the 
chief  sampler,  if  he  is  the  right  man  in  the 
right  place,  should  be  given  the  final  respon- 
sibility in  these  matters. 

I  l)elieve  that  the  accepted  principles  of 
sampling  are  perfectly  sound,  but  tliat  they 
are  often  iinprojierly  apjilied.  The  remedy 
is  to  make  a  bold  advance  on  the  following 
lines :  (1)  To  ini])rove  the  general  pay  and 
status  of  samplers,  and  thus  attract  educat- 
ed and  intelligent  men  into  this  branch;  (2) 
to  give  the  budding  sampler  a  tliorough 
grounding  in  the  principles  and  practice  of 
his  art,  and  to  impress  on  him  the  import- 
ance and  possibilities  of  the  work;  (3)  to 
select  the  mos+  promising  juniors  and  give 
them  the  opportunity  of  familiarizing  them- 
selves with  the  reefs  and  with  the  vagaries 
of  gold  deposition  in  a  variety  of  mines ;  (4) 
to  encourage  them  to  make  a  thorough  study 
of  their  work,  offering  them  as  an  induce- 
ment the  early  prospect  of  well-paid  and 
responsible  positions.  I  meet  many  chief 
samplers,  keen  and  otherwise  good  men, 
whose  usefulness  has  been  limited  by  the 
lack  of  a  diversified  experience  of  sampling 
and  a  wide  knowledge  of  the  reefs. 

I  believe  that  many  mines  would  benefit 
largeh"  if  they  placed  the  chief  sampler — or 
rather  the  expert  who  might  be  evolved  from 
the  present  chief  sampler — in  an  advisory 
position  parallel  to  the  executive  position  of 
the  underground  manager.  He  might  be 
called  the  "]\line  Valuer,"  and  might  in  the 
largest  mines  be  relieved  of  the  direct  super- 
vision of  the  sampling ;  but  in  any  case  I 
cannot  too  strongly  insist  that,  if  his  work 
is  to  be  properly  done,  he  will  have  to  spend 
undei'ground  the  morning  of  nearly  every 
working  day.  It  is  futile  to  attempt  to 
conduct  such  work  from  an  office,  though  a 
close  study  of  plans  and  records  is  an 
essential  part  of  the  work. 

REPLY  TO  DISCUSSIOK 

Mr.  G.  A.  Watermeyer  (Member  of 
Council):  Lord  Kelvin  once  remarked: 
"  When  you  can  measure  what  you  are 
speaking  about  and  express  it  in  numbers, 
you  know  something  about  it,  Init  when  you 
cannot  measure  it,  when  you  cannot  express 
it  in  numbers,  your  knowledge  is  of  a  meagre 
and  unsatisfactory  kind." 

In  the  paper  laid  before  you  last  January 
I  endeavoured  to  construct  a  scale  of  experi- 
ence by  which  one  could  measure  and 
express     in     numbers     all     one's     previous 
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expt'rii'iici'  in  turniing  an  opinion  of  what 
would  1)1'  lil<i'l\  to  occur  ni  innncdiately 
succccdiui,'  circumstances.  It  seems  that  in 
the  opinion  of  the  nuijoritv  of  my  critics  I 
h.ave  succeeded  indifferently  well.  Most  of 
those  who  took  part  in  the  discussion  seemed 
to  he  inider  the  impression  that  I  was 
endeavouring  to  introduce  a  system  of  cal- 
cuhiiion  whicli  would  improve  had  ohserva- 
tions.  No  such  claim  was  made.  My  ohject 
is  to  ohtaiii  the  hest  results  from  the  data 
laid  heforc  me.  The  importance  of  this 
point  is  sncli  that  I  shall  prohahly  reiterate 
it,  consequently  I  must  claim  your  indul- 
gence when  it  recurs. 

An  important  omission  on  my  part  is 
drawn  attention  to  by  Sir  Kobert  Kot/e.  He 
considers  that  a  hiatus  exists  between  the 
method  of  the  construction  of  the  curve  and 
the  reason  for  its  application.  It  is  a  point 
which  worried  me  when  initially  considering 
the  mattei",  and  the  j)rol)lem  arose,  in  how 
far  would  it  be  justifiable  to  use  past  experi- 
ence in  future  estimates,  and,  if  so,  could 
this  experience  be  reduced  to  figures. 
Having  plotted  the  experience  polygon,  and 
fitted  the  smooth  probability  cun^e  to  it,  the 
obvious  ap|)lication  was  the  use  of  the 
ordinates  as  weights  in  obtaining  a  weighted 
mean.  Where,  as  in  v;iluation  a  few  facts 
are  known,  and  the  vast  majority  unknown, 
the  simple  mean  of  known  facts  is  not  by 
any  means  the  most  probable  value  of  the 
whole,  known  and  unknown.  By  taking 
advantage  of  a  few  thousand  known  facts 
we  may.  if  they  show  a  tendency  to  follow 
a  determinable  law,  prove  that  a  very 
definite  relation,  within  limits,  exists  be- 
tween the  frequency  of  any  value  taken  at 
random  and  the  deviation  of  this  value  from 
that  of  maximum  frequency. 

In  order  that  the  simjile  arithmetic  mean 
may  represent  the  most  jn-obable  value  of 
the  whole,  known  and  unknown,  it  must 
satisfy  the  following  conditions  : — 

1.  It  must  be  the  most  frequent  value. 

2.  The    number   of   deviations    therefrom 

above  and  below  should  be  the  same. 

3.  Lai'ge    deviations    should    be    less    fre- 

quent than  small  deviations. 
A  study  of  either  of  the  curves  repre- 
sented will  show  that  the  first  two  condi- 
tions are  not  satisfied.  In  no  instance  have 
I  found  these  conditions  satisfied.  The 
simple  mean  occurs  in  a  position  where  the 
variation  in  frequency  is  close  to  its  maxi- 
mum. The  most  frequent  value  is  in 
general   too   low  to   supply   the   need   of   a 


probable   mean.      Some i,...,,    ..,. 

simple  mean  and  most  frequent  value  is 
necessary  to  maintain  tiie  balance  between 
value  and  frequency.  Weighting  values  by 
probable  frequency  and  dividing  the  sum  of 
the  products  by  the  sum  of  the  frequencies, 
a    probal)le    value    is    obtained    wl  'iis 

the  most   reas(jnable   value  to  rep  no 

whole.  The  use  of  the  second  nioMietit  is 
not  unicjue  in  this  respect.  Not  only  is  it 
used  in  the  method  of  least  sqimres,  but 
a-lso  in  determining  the  radius  of  gyration 
in  mechanics.  Insurance  tables  are  con- 
structed on  similar  lines.  The  proportional 
frequency  in  a  very  large  sample  of  the 
population  is  taken  as  the  probability  of 
individuals  of  different   ages   surviving. 

.\  sample  jiremises  that  one  is  unactjuaint- 
ed  with  the  value  of  the  whfile.  and  that 
the  object  is  to  determine  this  value  without 
being  in  a  position  to  njeasure  it  directly. 
One  must  not  take  the  sample  as  a  fact 
which  applies  rigidly  to  the  whole.  The 
value  of  a  sample  is  very  probably  the  value 
of  five  poimds  or  so  of  rock  taken  down  by 
the  sampler,  but  one  cannot  h»gically  con- 
clude without  further  investigation  that  it 
is  the  actual  value  of  about  2(K)  tons  above 
it.  Value  per  ton  does  not  necessarily 
imj)ly  that  you  have  one  or  more  tons  of 
the  material.  By  taking  the  simple  arith- 
metic mean  one  infers  all  the  above.  By 
observing  the  pro])ortion  of  occurrences  of  a 
given  vahie  in  a  large  number  of  cnses  it 
is  reasonable  to  infer  that  this  value  will 
persist  to  the  same  extent  in  a  large  sample 
taken  to  the  mill.  Hence  the  proportionate 
frequency  may  be  used  as  a  weight  in  order 
to  obtain  the  probable  value  of  the  whole. 
With  regard  to  the  reliance  one  may  place 
on  the  weighted  mean,  it  depends  largely 
on  the  number  of  section  values  employed 
in  the  construction  of  the  curve  and  the 
deviation  of  the  individual  observed  frequen- 
cies from  the  frequencies  :?s  given  by  the 
curve.  In  illustration  of  this  I  show  two 
curves  from  the  same  reef.  The  first  repre- 
sents the  result  of  1,800  values  employed 
in  the  first  instance,  and  the  second  the 
result  of  360  subsequent  values.  The  dotted 
lines  on  each  side  of  the  curve  are  the  loci 
of  the  probable  deviation  of  the  observed 
from  the  theoretical  frequencies.  By  prob- 
able deviation  I  mean  th^t  it  is  an  even 
chance  that  the  frequencv  of  any  value  taken 
at  random  will  fall  within  or  without  the 
area  embraced  by  the  dotted  lines,  in  other 
words,    that   the    chance    is   even    that    the 
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deviation  of  the  observed  from  the  theore- 
tical frequency  will  exceed  or  fall  short  of 
the  length  measured  parallel  to  the  Y  axis 
between  the  curve  and  the  dotted  line  on 
either  side  of  the  curve.  This  probable 
deviation  varies  inversely  as  the  square  root 
-of  the  total  number  of  observations. 

Perhaps  Mr.  H.  A.  White  will  pardon  me 
if  I  express  my  gratitude  for  the  entertain- 
ment which  the  perusal  of  his  contribution 
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Fig.    1. — Probable    deviation    calculated    on    1,800 
sections. 

afforded  me.  He  first  rated  me  for  the  bad 
fit  of  the  curves  to  the  observations,  exposed 
my  logical  lapses,  ruthlessly  rent  the  mathe- 
matical camouflage  in  which  I  was  enve- 
loped, and  finally  j>ointed  out  the  numerous 
errors  which  I  had  carelessly  left  unswept 
in  the  stopes  and  drives  in  transmitting  the 
ore  from  the  mine  to  the  mill.  I  was  very 
much  relieved  to  find  in  the  end  that  very 
little  harm  had  actually  been  done  to  the 
mine.  ^ly  endeavour  was  to  calculate  the 
value  of  the  ore  delivered  at  the  mill  from 
the  heterogeneous  sources  in  the  rnine.  He 
has  failed  to  grasp  the  elementary  idea  of 
probability  which  is  measured  b}^  the  fre- 
quency with  which  events  are  associated 
with  one  another. 

Mr.  H.  R.  Adam  questions  the  justifica- 
tion for  the  application  of  the  theory  of 
probability  to  sampling.  The  theory  of 
probability  is  based  chiefly  on  sampling. 
The  object  of  sampling  is  to  obtain  the 
probable  value  of  the  whole.      He  assumes 


that  I  am  unaware  of  constant  errors  and 
requires  a  detailed  discussion  of  each  indi- 
vidual source.  I  am  not  disputing  their 
existence,  but  fail  to  see  why  a  logically 
weighted  mean  value  should  be  replaced  by 
an  illogical  simple  mean  merely  because  the 
latter  is  more  easily  calculated.  He  asks 
whether  it  follows  that  a  skew  frequency 
curve  results  from  neglecting  constant 
errors.  The  skew  frequency  curve  is  abso- 
lutelv  the  most  solid  fact  resulting  from  my 
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Inch  Dirts. 
Fig.     2. — Probable    deviation    calculated     i/u    360 
sections. 

investigations.  It  is  not  dejjendent  ui)on 
constant  or  any  other  form  of  errors.  It  is 
simply  the  result  of  smoothing  out  the 
irregular  polygons  obtained  from  experience. 
Investigations  were  made  in  ten  different 
cases  and  the  two  illustrated  were  the  least 
symmetrical.  The  causes  of  skewness  con- 
sist in  the  far  larger  number  of  low-valued 
sections  being  encountered  than  the  high- 
valued  sections.  If  he  wishes  the  ])ercen- 
tage  of  black  balls  drawn  in  the  example 
given  he  may  obtain  them  by  reversing  the 
scale  of  the  abscissae. 

Mr.  Hingle  finds  the  discrepancy  due 
almost  entirely  to  causes  which  have  nothing 
to  do  with  averaging.  He  enunciates  these 
causes  in  detail,  and  establishes  the  fact 
that  the  samplers  on  the  reef  are  unable  to 
measure  a  stope  width.  If  samplers  are 
not  competent  to  measure  stope  widths, 
why  not  relieve  them  of  this  function  and 
calculate  the  widths  in  the  office.  He 
states  that  tlie  sampler's  average  inch-dwt. 
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may  W  quite  forrcct,  but  liis  dwt.  per  ton 
will  he  too  liif^'li.  Hence  the  reuson  fcji-  my 
adoption  of  the  inch-dwt.  scale.  Look  after 
the  gold  and  let  the  tons  look  after  them- 
selves. The  latter  frequently  emanate  from 
places  which  do  not  contain  ^'old,  and  then 
the  sampler  is  blamed  for  his  inability  to 
measure  widths.  He  enumerates  a  larj,'ti 
number  of  sources  of  error  due  to  causes 
the  effects  of  whicli  he  is  unable  to  gau<,'e, 
and  then  objects  to  any  allowance  beiii'^ 
made  therefor  on  the  only  logical  method 
possible.  He  remarks,  "  Now,  unless  the 
samples  taken  during  the  year  have  been 
spread  uniformly  over  rich  and  poor  slopes 
his  curve  of  frequency  will  not  represent 
the  most  probable  weiglit  to  be  ])laced  on 
individual  samples."  This  may  be  so,  but 
it  is  far  more  probable  than  any  other. 

^Ir.  Gibson  has  given  us  a  very  interest- 
ing description  of  the  way  he  deals  with 
section  values  in  stopes.  It  certainly-  shows 
the  positions  in  which  the  various  samples 
have  been  taken  and  the  individual  results, 
but  I  do  not  tliink  it  gets  him  much  closer 
to  the  probable  value  of  the  whole.  He 
employs  several  similes  to  show  that  the 
weighted  mean  is  incorrect.  The  considera- 
tion of  every  individual  in  a  crowd  would 
give  the  average  height  definitely,  but  if  you 
were  only  in  a  position  to  measure,  say,  ten 
-out  of  each  thousand,  it  does  not  follow  that 
the  average  of  the  ten  would  be  the  average 
•of  the  thousand.  Similarly,  if  we  wished 
to  know  something  about  the  Transvaal  and 
the  onlv  data  rt  our  disT)osal  were  the  area 
and  value  of  a  few  isolated  farms,  if  we 
knew  the  total  number  of  farms  we  should 
certainly  be  in  a  better  i^osition  to  estimate 
the  total  are  1  and  nrobable  value  than  if 
we  had  no  data  at  all.  Tlie  table  he  gives 
is  very  interesting  as  far  as  it  eoes.  but  its 
value  would  have  been  enhanced  hnd  he 
given  all  the  values  instead  of  stopping 
short  at  400  inch-dwt.  The  tonnage  derived 
from  his  particular  stope  is  a  very  small 
proportion  of  the  total  going  to  the  mill, 
and  though  its  value  would  be  of  great 
importance  if  we  were  milling  from  that 
stope  alone,  tlie  relative  importance  is  very 
much  diminished  when  mixed  with  ore  of 
a  hundred  more  or  less  other  stopes,  good, 
had  and  indifferent. 

Mr.  Clarence  imputes  statements  to  me 
which  would  be  very  difficult  to  find  in  the 
•<iriginal  paper.  I  have  not  assumed  that 
the  discrepancy  between  the  mill  yield  and 
that  ]iredicted   from    the   mine   sampling   is 


due  entirely  to  the  effect  of  abuormall.\  high 
values.  What  I  maintain  is  that  hitherto 
we  inive  omitted  to  make  allowance  for  the 
very  impfjrtant  factfjr  of  juobability.  He 
has  gi\en  us  some  marvellously  close  agree- 
ments b(.'t\veen  the  estimated  and  actual 
recovery  on  a  number  of  mines,  but  has 
omitted  to  state  what  methods  of  estima- 
tion and  comparison  were  empkncd.  He 
takes  oxcepti(jn  to  the  statement  that  the 
mechanical  work  of  meaning  differs  very 
little  from  previ(jus  custom.  J  have  had  no 
complaints  from  tjje  surveyors  and  samjjlers 
using  the  tables  that  they  are  unable  to 
complete  their  work  without  overtime.  H 
he  would  like  to  know  the  reasf)n  why  all 
sanifile  sections  should  be  taken  into  account 
'vhen  constructing  the  curve,  it  is  because 
those  entrusted  with  the  mining  of  ore  do 
not  stop  immediately  a  stope  face  shows 
impayable  values,  but  contimie  in  the  hope 
that  the  vahu-  will  improve,  and  thf  propor- 
tion of  low  values  becomes  greater  than  it 
would  have  been  if  all  values  in  imj^rofit-ible 
areas  had  been  excluded.  As  he  surmises, 
I  do  not  discriminate  hetween  varying  reef 
widths  and  values  because  the  reduction 
works  are  not  particular  as  to  whether  an 
ounce  of  gold  comes  from  a  three  or  a  fifty 
inch  reef. 

Mr.  Payne  also  imagines  that  my  inten- 
tions are  to  holster  uj)  bad  sampling  and 
assaying.  As  previously  mentioned,  the 
object  is  to  obtain  the  most  probable  result 
from  the  data  under  consideration. 

Mr.  G.  ^r.  Clark  has  appreciated  the 
points  which  I  have  endeavoured  to  make, 
and   amplified   them. 

Mr.  Olver  has  forwarded  his  contribution 
somewhat  late,  but  I  shall  endeavour  to 
meet  his  objections.  He  agrees  that  the 
simple  mean  is  in  most  cases  too  high,  but 
puts  it  down  to  improper  taking  and  hand- 
ling of  individual  samples.  If  samples  are 
not  taken  properly  no  method  of  meaning 
will  give  a  correct  result,  but  very  definite 
evidence  is  required  to  prove  that  the  sam- 
ples have  not  been  taken  properly.  He 
quotes  from  his  published  book  on  "  Faults 
and  Dykes  "  certain  didactic  remarks  on 
eri'ors  of  sampling.  He  uses  the  term  "  law 
of  averages  "  without  definition.  The  .sound 
thereof  seems  to  please  him.  He  states 
that  the  personal  bias  of  the  untrained  sam- 
pler is  almost  invariably  in  the  direction  of 
excess  in  value.  How  lias  he  divined  this  ? 
He  is  convinced  that  the  actual  sampling 
can  he  done   with   a   probahle  error  of  5%. 
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How  has  he  determined  this'?  It  lie  knew 
the  detinition  of  the  word  '"  probable  error  '" 
he  would  not  fall  into  the  blunder  of  being 
able  to  take  individual  samples  with  a  prob- 
able error  of  ")  ,  and  then  in  the  next  breath 
state  that  the  mean  of  his  individual  sam- 
ples gives  a  block  value  with  a  probable 
error  in  the  neighbourhood  of  15;';^  or  20%. 
If  he  were  acquainted  with  the  meaning  and 
determination  of  probable  errors  he  would 
know  that  the  probable  error  of  a  mean 
varies  inversely  as  the  square  root  of  the 
number  of  individuals.  His  experience  can- 
not have  stood  him  in  very  good  stead  if  he 
still  maintains  the  above  statements  and 
his  ideas  on  the  standard  of  accuracy  can- 
not be  relied  upon.  He  misinterprets  the 
object  of  these  curves.  No  claim  has  been 
made  that  they  will  make  indifferent  sam- 
pling good,  but  that  the  intelligent  use  of 
them  will  give  results  more  probable  than 
any  other  method  of  interpretation.  If  the 
curve  were  based,  say,  on  a  thousand  sec- 
tion values  and  the  mean  of  these  sections 
recalculated  with  the  help  of  the  curve,  the 
adjusted  average  would  not  be  as  before, 
and  consequently  his  inference  falls  to  the 
ground.  He  proceeds  to  make  a  few  calcu- 
lations. When  he  keeps  within  reasonable 
limits  of  expei-ience  he  finds  the  reduction 
from  the  simple  mean  in  the  neighbourhood 
of  0'4  dwt.  by  weighting.  When  he  arrives 
at  the  limits  of  experience  he  finds  a  mar- 
vellous reduction.  His  statement  "  if  this 
stope  has  yielded  nine  samples  of  1,475 
inch-dwt — not  at  all  an  unusual  average  for 
this  mine  " — is  so  loose  that  I  might  almost 
term  it  surjqestio  falsi.  The  facts  do  not 
justify  the  assertion  in  italics.  During  the 
years  1917  and  1918,  2,950  sections  were 
sampled  on  the  Battery  Reef  in  this  mine  ; 
of  these,  six  lay  within  the  limits  of  1,450 
to  1,500  inch-dwt.,  06  exceeded  1,500  incli- 
dwt.,  and  2,878  were  below  1,450  incli-dwt. 
The  66  sections  mentioned  were  distributed 
between  the  limits  1,500  and  10,224  inch- 
dwt.  Tlie  chance  of  values  over  1,500  inch- 
dwt.  persisting  is  consequently  very  small, 
and  it  would  be  dangerous  to  assume  that 
the  average  content  of  the  f  ice  would  lean 
more  nearly  to  tlie  1,475  inch-dwt.  value 
than  to  the  75  inch-dwt.  value.  He  has 
taken  several  sections  showing  freakisli 
results  as  representative  sections  of  the 
reef.  That  is  where  he  loses  all  sense  of 
proportion.  He  seems  to  think  that  the 
curve  is  a  bit  of  conjuring  of  the  imagina- 
tion, whereas  it  is  a  picture  of  the  frequen- 


cies with  which  the  values  have  occurred 
and  may  be  reasonably  exjiected  to  persist. 
He  facetiously  remarks  that  according  tor- 
tile law  of  probabilities  these  rich  zones 
should  not  exist,  but  the  fact  is  they  do, 
etc.  This  is  exactly  where  the  danger 
comes  in.  When  such  rich  zones  occur  it 
does  not  follow  that  the  rest  of  the  mine 
will  be  closed  down  and  work  concentrated 
on  that  rich  zone  for  the  very  sound  reason 
that  the  manager  knows  ii  is  a  mere 
incident  and  must  not  be  allowed  to  upset 
his  sense  of  proportion. 

The  following  table  gives  the  results  over 
a  period  of  six  months  for  each  of  tlie  mines 
except  the  Van  Ryn,  which  is  calculated 
over  a  period  of  eleven  months.  The  mill- 
yield-plus-pulp  is  expressed  as  a  percentage 
of  the  mine  valuation  : — 

Van  Eyn       98-3 

New  Goch 87-9 

Meyer  and  Charlton         ...         97*6 

Aurora   West  100' 1 

Roodepoort  United  ...       98*2 

West  Rand  Consolidated  ...       93-2 


ANCIENT    TIN   MINES    OF    THE 
TRANSVAAL. 


By  Max  Baumann   (Member). 
(Printed   in   Journal,    February,    1919.) 


DISCUSSION. 

The  President:  I  understand  Mr.  Trevor 
has  been  kind  enough  to  come  from  Pretoria 
to  give  us  a  contribution  to  this  paper. 

Mr.  T.  G.  Trevor  (Mcinbcr):  In  a  paper, 
which  I  read  before  the  Society  on  this 
subject  in  1912,  I  stated  that  "  I  hoped  this 
paper  might  act  as  a  nucleus  around  which 
the  information  collected  by  other  observers 
may  gather  until  sufficient  evidence  is  col- 
lected to  form  a  fair  basis  from  which  to 
reason  as  to  the  origin  and  date  of  the 
workings  and  the  race  of  the  workers." 
Mr.  Baumann 's  paper  is  a  very  valuable 
addition  to  this  evidence,  as  he  has  been 
enabled  to  give  the  details  of  ancient  work 
about  which  I  could  only  generalize.  I 
note  with  pleasure  that  he  has  come  to  the 
same  conclusion  which  I  did,  that  the 
ancient  tin  mines  in  the  Rooiberg  area  could 
not  have  accounted  for  less  than  2,000  or- 
8,000  tons  of  tin.  I  still  hold,  however, 
that  we  have  not  yet  accumulated  sufficient 
evidence  to  form  a  fair  basis  for  reasoning' 
as  to  the  origin  and  date  of  the  workings  or 
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<.t'  the  race  i>i  tin-  workers,  and  1  sultinit  | 
the  tollowin^  (ihsi'ivatimis  iiiade  since  my 
original  |)aj)er  was  written,  with  the  object 
of  adding  to  the  evidence  avaihii)le  rather 
than  with  the  intention  of  joining  in  any 
discussion  wliich  J  think  premature  as  to 
the  controversial   points   at   issue. 

I. — HisTOHicAL  Rkfkuexcks  : 

I  have  gone  through  all  the  records  of 
missionary  travel  ;tvailal)le  in  the  Pretoria 
Public  Library,  and  find  the  following  refer- 
ences, which  throw  some  light  on  the  ques- 
tion of  the  metals  in  use  amongst  the 
natives  before  the  white  occupation  of  the 
country,  and  hence  on  "  ancient  workings  ": 

.4. — CanipbcU. — Campbell  was  the  first 
white  man  to  leave  a  record  of  his  journeys 
north  of  the  Orange  Eiver.  He  visited 
Kuruman  and  the  north-western  districts  of 
the  Transvaal  (Marico)  in  1813.  On  page 
225  of  the  journal  of  his  first  journey  he 
mentions:  "The  people  here,  Lattakoo, 
obtain  copper  and  iron  from  some  nations 
behind  them.  It  is  understood  that  there 
are  copper  mountains  not  very  far  distant, 
but  it  is  probable  that  these  metals  come 
from  Europe  through  Portuguese  Settle- 
ments." 

On  page  393:  "  The  ^latchipies  get  their 
copper  rings  through  the  Wanketzanese,  the 
next  nation  to  the  north.  These  are  not 
made  by  them,  but  by  a  nation  to  the  east 
of  them  nearer  the  Indian  Ocean." 

On  page  297:  "The  ^Maquenas  beyond 
the  Maijalalizone,  from  whom  the  former 
obtained  clothing  and  beads  of  European 
manufacture." 

In  the  journal  of  his  second  journey, 
undertaken  some  years  later,  in  which  he 
visited  Kurachane,  which  lay  on  the  head 
waters  of  the  Xotowane  about  20  miles  west 
of  the  present  town  of  Zeerust.  on  what  is 
now  known  as  [Moilo's  Location,  and  which 
was  the  great  centre  of  native  civilisation 
in  the  country,  the  following  references 
occur : — 

ia)  On  page  105,  Vol.  I.—"  IMeribohwhey, 
six  days"  wagon  journey,  X.E.  of  Lattakoo, 
saw  native  weanng  piece  of  metal  resem- 
bling silver  in  the  shape  of  a  heart,  also  four 
rings  of  the  same  metal.  It  might  have 
come  from  a  nation  of  white  men  beyond 
them." 

(6)  Page  228  mentions  smelting  of  iron 
and  copper,  but  not  of  tin. 

(c)  Page  245  mentions  iron  hammers. 


{(i)  Pagf  270  mentions  metals  much  re- 
semi)ling  g(;ld  and  what  appears  to  be  silver 
rings. 

{(')  Page  227  mentions  baj»s  of  copper 
beads. 

(/)  Page  270:  List  of  articles  made  in 
Kurachane,  l)ut  no  mention  of  tin  or  bronze, 
though  iron  and  cf)p|)er  have  special  men- 
tion. 

li.—  Moffiit. — Moflfat  visited  the  same 
country  about  ten  years  afterwards  (IHHO), 
but  in  the  meantime  Kuracliane  liad  been 
entirely  destroyed.  I  am  informed  that  the 
inhabitants  were  the  liaroutsie,  whose 
descendants  are  now  living  on  Moilo's 
(Kalafeins)    Locations. 

Page  407:  Moffat  descrii)es  a  smith  mak- 
ing broHS  out  of  copper  and  tin. 

Page  584:  "The  Baconi  country  (api>ar- 
ently  the  country  to  the  east  of  the  Niarieo) 
also  yields  tin.  The  mines  I  did  not  see, 
but  the  specimens  of  moruru,  as  it  is  called, 
which  I  ])urchased  from  the  natives,  were 
of  the  very  best  quality." 

There  are  no  other  references  to  tin  whicli 
I  can  find. 

C. — Baynes,  1887. — Rooiberg  Mountains 
called  ^lai'ikele. 

D. — Cliapmnti's  Travels,  1808. — Moun- 
tains to  the  west  of  Rooiberg  marked  as 
copper  mountains  on  map. 

E. — Diary  of  Louis  Trichnrdt,  1837. — 
Xo  mention  made  of  tin  except  the  follow- 
ing :— 

Extract  from  "  Dagboek  van  Louis 
Trigardt,  :Monday,  22nd  May,  1837,  Dorps 
River,   Zoutpansberg,  Transvaal : 

"  Old  Botha  and  Albach  shortened  tyre 
of  Albach  s  wagon  wheel.  After  eating,  old 
Botha  smelted*  copper  for  bullets.  Old 
Strydom  came  and  told  us  that  the  cruci- 
ble melted  but  not  the  copper.  He  made 
three  bullets,  but  more  tin  than  copper. 
Carolus  and  Albach  tried  to  weld  a  ram-rod 
but  could  not  get  it  together  properly.  At 
first  they  tried  to  weld  it  with  copper,  but 
it  would  not  remain  fast." 

With  regard  to  these  references  I  would 
make  the  following  remarks : — 

Campbell  impresses  one  as  having  been 
a  better  observer  than  ^foffat,  and  he  had 
very  much  better  opportunities,  as  the 
country  had  not  then  been  devastated  by 
the    ^iantatese    or   bv   the    IMatabele.      He 


*This     word     may     mean     melted     or     'melted. — 
T.   G.  Trevor. 
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gives  a  careful  list  of  the  articles  of  native 
manufacture  and  trade  at  Kurachane,  but 
does  not  mention  tin. 

Mofifat's  reference  to  the  native  smith 
making  brass  from  tin  and  copper  shows 
his  ignorance  of  the  subject  he  was  dealing 
with.  Moffat's  second  statement  with 
regard  to  tin  is  quite  explicit,  but  it  is  hard 
to  know  how  he.  in  the  face  of  his  former 
statement,  was  competent  to  judge  that  the 
metal  was  tin  and  was  of  the  very  best 
quality.  On  this  subject  I  wrote  to  Mr. 
Griffith.  the  Native  Commissioner  at 
Eustenburg,  who  is  a  perfect  Sesuto  scholar, 
and  who  can  obtain  from  the  natives  what- 
ever knowledge  they  have.  'Mv-  Griffith 
replied  as  follows  : — 

"  All  I  have  been  able  to  discover  is 
that  the  natives  have  mined  for  copper 
and  iron,  surface  workings,  but  I  have  not 
been  able  to  discover  if  they  ever  mined 
for  tin.  None  of  the  natives  whom  I 
have  spoken  to  know  the  woi-d  "  moruru," 
but  I  am  told  that  the  flakes  which  fly 
from  iron  when  it  is  beaten  after  heating 
are  called  "mcrudu."'  These  were  re- 
smelted  and  beaten  into  wire  with  which 
bangles  were  made.  This  became  much 
lighter  in  colour  than  ordinary  iron.  I 
have  seen  a  native  from  Louis  Trichardt 
district,  who  informs  me  that  he  knows 
for  a  fact  that  natives  used  to  extract  a 
white  metal  from  stone,  smelt  it,  draw  it, 
and  then  draw  it  into  strips  of  wire,  from 
which  they  made  bangles.  The  various 
metals  had  no  distinctive  names,  they 
were  all  called  tsipi — red  tsipi,  copper ; 
black  tsipi,  iron.  From  all  I  can  gather 
no  serious  mining  was  carried  on  by  the 
natives." 

That  the  reference  in  Louis  Trichardt 's 
diani-  to  tin  and  copper  had  to  do  with  the 
metals  obtained  from  natives  is  possible, 
though  improbable. 

Portuguese  Records:  The  references  to 
these  in  ^Ir.  Baumann's  paper  are  so  com- 
plete that  I  have  not  found  anything  to 
add  to  them. 

II. L.^TER    ObSERV.\TIOXS  I 

In  my  opinion,  it  is  quite  impossible  to 
get  to  the  bottom  of  this  question  of  ancient 
workings  in  South  Africa  by  confining 
enquiries  and  observations  to  one  group  of 
workings.  Everything  which  may  throw 
light  on  the  past  inhabitants  of  the  country 
should  be  recorded,  and  for  this  object  of 
record   I  now  submit  the   following  discur- 


sive notes  of  various  observations,  man}-  of 
which  may  now  seem  to  have  nothing  to  do- 
with  the  ancient  Eooiberg  tin  mines,  but 
which,  nevertheless,  may  each  be  found  to- 
fill  a  place  when  the  jig-saw  puzzle  pre- 
sented by  the  question  comes  to  be  built 
up  to  completion  : — 

(rt)  Beyond  the  tin  ingots  found  at  Eooi- 
berg, and  the  fragment  of  bronze  from  the 
same  locality,  I  have  only  succeeded  in 
finding  one  small  fragment  of  bronze  and 
one  fragment  of  a  broken  tin  bangle  in  the 
country.  These  were  dug  up  at  Agatha,  in 
the  Pietersburg  district.  As  white  farmers 
almost  invariable'  reside  on  the  same  ground 
which  was  formerh^  occupied  by  big  native 
kraals,  and  cultivate  the  same  ground,  it  is 
curious  that  neither  tin  nor  bronze  orna- 
ments or  implements  ever  seem  to  be  dis- 
interred. It  is  quite  common  to  disinter 
skeletons.  Both  iron  and  flint  and  copper 
and  brass  implements  or  ornaments  often 
come  to  light  and  have  been  brought  to  my 
attention,  but  only  in  the  one  case  men- 
tioned have  I  seen  bronze  or  tin. 

(h)  Zinc. — The  vast  majority  of  orna- 
ments worn  by  the  elder  natives  are  of 
brass.  The  ornaments  themselves  are- 
usuall}'  obviously  of  native  manufacture, 
but  the  origin  of  the  brass  is  to  me  a  matter 
of  doubt.  Formerly  I  considered  that  it 
must  be  imported  brass,  reworked  into  its- 
present  form  bj-  the  natives,  but  latterly  I 
have  had  some  curious  evidence  on  thiff- 
point.  In  1914  a  farmer  noticed  a  native 
woman  wearing  the  neck  rinsr  which  I 
exhibit.  The  woman's  husband  told  the 
farmer  that  he  had  assisted  his  father  to 
make  this  ring,  and  volunteered  to  point  out 
the  mine  from  which  they  had  extracted  the 
ore.  He  showed  a  very  small  old  working 
which,  on  being  opened,  contained  some 
copper  minerals  but  no  zinc,  .yet  on  drilling" 
the  neck  ring  I  find  it  to  be  made  of  brass. 
Taken  by  itself,  this  incident  has  little 
significance,  but  on  three  occasions  in  the 
locality  of  the  Pilandsberg  I  have  been 
shown  rough  ingots  of  zinc,  said  to  have 
been  dug  up  in  old  native  kraals.  Formerly 
I  did  not  believe  this,  and  thought  that  the 
zinc  had  been  imported  and  used  by  the  old 
Boers  for  hardening  bullets,  but  ]\Ir.  Hard- 
ing, a  resident  in  whom  I  have  complete 
confidence,  assures  me  that  such  ingots  are 
dug  up,  and  I  cannot  find  any  evidence  that 
zinc  was  used  for  the  purpose  named  by  the 
Boers.  In  1918  the  ingot,  which  I  exhibit, 
which  weighs  about  15  lb.,  was  found  in  a 
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CHVC  near  Tjuenies  l*oort.  Tlif  Cliicl'  .Mapa- 
thelela  claimed  all  the  otlun-  tilings  found  in 
the  cave,  bub  had  no  interest  in  the  zinc, 
which  he  said  came  from  tiie  East  and  was 
previously  used  by  their  smiths,  but  about 
which  he  did  not  seem  to  l<iio\v  anything 
else. 

Hall,  on  page  72  of  his  l)ook  I'lrhistoric 
Ehodc^id,   quotes  from  three  Aral)   authors: 

(1)  Edrisi,  who  writes  in  the  twelfth  cen- 
tury :  "In  all  the  country  of  Sofala  they 
find  gold  in  abundance,  but  prefer  brass, 
making  their  ornaments  of  it." 

(2)  Omen  Ibn  I'Wardi,  writing  in  1200 
A.D.,  alluding  to  East  Africa:  "The  most 
remarkable  part  of  the  country  is  its  quan- 
tity of  native  gold,  in  spite  of  which  the 
natives  adorn  their  ])ersons  willi  ornaments 
of  brass. " 

(3)  He  also  refers  to  an  author  ]\Iusoudi 
as  writing  in  Ol")  to  the  same  effect. 

(c)  Ruins. — At  ]\Iapatlilela's  Location, 
near  some  very  extensive  ancient  workings, 
and  on  the  farm  Haakdoorndraai  No.  41, 
some  20  miles  to  the  south,  I  am  informed 
both  by  natives  and  white  men  that  bricks 
are  ploughed  up.  These  bricks  are  said  to 
be  flat  and  square,  quite  different  to  those 
made  by  white  men,  but  I  have  not  yet  been 
able  to  visit  the  spots,  though  I  believe  the 
evidence  to  be  reliable. 

While  on  the  subject  of  ruins  it  is  inter- 
esting to  note  that  no  one  seems  to  have 
observed  the  similarity  of  the  two  towers  in 
the  niins  of  the  Zimbabwe  to  the  two  altars 
which  are  erected  by  the  Bapedi — and  possi- 
bly by  other  Sesuto  speaking  tribes — on  the 
occasion  of  their  circumcision  ceremonies. 
These  are  usually  destroyed  immediately 
the  ceremonies  are  finished,  but  I  have  seen 
them  on  three  occasions.  In  each  case 
there  were  two  altars — the  one  about  breast 
high  on  a  man,  the  other  waist  high.  On 
the  to])  of  each  fires  had  been  burnt.  The 
top  in  each  case  was  imder  a  foot  in 
diameter  and  the  base  about  2  ft.  6  in.,  the 
sides  descended  in  a  curved  batter,  exactly 
as  do  the  sides  of  the  Zimbabwe  towers. 
The  smaller  altar  stood  to  the  north  of  the 
larger  one,  as  is  also  the  case  at  Zimbabwe, 
though  this  may  or  may  not  have  been 
intentional. 

id)  At  the  Trappist  ^Monastery  at  Pine- 
town  a  gold  coin,  undoubtedly  of  Phoenician 
origin,  was  dug  np  at  a  depth  of  15  ft.  in 
excavating  for  the  foundations.  This  coin 
is  in  the  ^luseum  of  the  ^lonasterv  and  can 


|je  exaiiiiiicd.      I  havi'  seen  it,  and  it  appears 
to  be  perfectly  genuine. 

(r)  licdih. — (1)  Aljout  ten  3 cars  ago  some 
beads  were  discoven-d  in  un  old  native  pot 
in  the  old  workings  in  tlu-  .Messina  Mine. 
These  beads  have  been  submitted  by  Mr. 
('iul)bins,  of  the  Marieo,  (o  Professor 
Flinders-Petrie,  wiio,  I  am  informed  by 
Mr.  (rul)i)ins,  stales  that  they  were  11  variety 
of  beads  which  were  introduced  intf*  the 
Roman  Empire  in  the  fifth  and  sixth  cen- 
turies. 

(2)  In  1010  T  found  some  beads  in  explor- 
ing a  rock  cave  at  Messina,  and  almost  at 
the  same  time  some  beads  were  also  found 
in  one  of  the  ancient  workings.  I  submitted 
both  parcels  to  Dr.  Peringuey,  f)f  the  Sriuth 
African  Museum,  who  sent  me  the  following 
report  on  them.  It  will  lie  noted  that  the 
cave  beads  appear  to  be  much  more  recent 
and  typically  "  native  "  than  the  mine 
iieads  : — 

Pressure  of  wrirk  has  prevented  me 
acknowledging  receipt  of  the  two  lots  of 
beads,  and  to  report  on  them  is  not  an  easy 
task.  Nor.  I  am  afraid,  can  I  throw  much 
light  on  their  origin,  and  I  fear  that  both 
]\rr.  Trevor  and  you  will  be  disappointed. 
The  lot  marked  "  A  "  from  a  cave  on  a 
kopje  on  the  eastern  boundary  of  the  Mes- 
sina township  contains  (1)  a  piece  of  ivory 
bored  lengthwise  and  with  part  of  a  spiral 
groove  on  the  outer  part;  (2)  small  blue 
and  red  glass  beads,  most  probably  of 
European  manufacture,  and  facetted  blue 
bead,  plainly  also  of  European  manufac- 
ture :  (3)  three  ostrich  egg-shell,  flat  disc- 
like  beads  of  native  manufacture   (Bush). 

"  I  would  not  have  hesitated  on  account 
of  the  presence  of  the  latter  to  ascribe  the 
occupation  of  the  cave  to  Bush  people  were 
it  not  that  it  is  a  well  known  fact  that  the 
Bush  people  of  the  Kalahari  and  neighlx)ur- 
ing  regions  were  in  the  habit  of  manufac- 
turing these  egg-shell  discs  not  only  for 
their  own  ornaments,  but  also  traded  them 
with  the  Damaras.  by  whom  they  were 
mostly  used  for  making  the  corset -like  belts 
worn  by  women  of  either  wealth  or  position. 
These  waist-bands  built  of  several  tiers  con- 
sist of  many  thousand  discs,  but  as  far  as 
I  know  these  discs  are,  however,  of  a  much 
larger  size. 

"  The  Bechuanas,  on  the  otlier  hand, 
wore  ornaments  of  ivory,  a  fashion  boiTow- 
ed  possibly  also  from  the  Bush,  but, 
although  I  have  not  seen  any  in  our  collec- 
tion that  could  compare  with  the  one  sent. 
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the  style  is  identical.  On  the  other  hand, 
Danieil  or  Jansen,  I  forget  who  for  the 
moment,  has  figured  a  Hottentot  chief 
wearing  round  the  waist  similar  ornaments 
of  ivory.  That  the  Hottentot  women  and 
children  bore  round  the  waist  and  arms 
strings  of  egg-shell  beads  is  proven  by  my 
personal  finds  in  sites  and  on  bodies,  but 
these  beads  are  even  at  times  smaller  than 
those  of  the  lot  marked  "  .\."  For  explana- 
tion as  to  their  making,  and  to  the  tools 
used,  I  must  refer  you  to  Vol.  YIII.  of  the 
South  African  ^luseum  Annals.  There  you 
will  also  find  that  on  the  occupied  sand 
dunes  and  middens  of  the  Cape  Flats  round 
Capetown  were  found  three  or  four  glass 
beads  of  the  same  style  as  those  in  "A," 
and  also  bowls  of  clay  pipes  of  the  English 
and  Dutch  patterns  of  the  epoch,  with  the 
stem  broken  off  at  the  bowl,  so  ss  to  inhale 
the  smoke  Hottentot  or  Bush-like  fashion. 
These  beads  and  the  pipe  l)owls  plainly 
imply  that  they  were  obtained  from  the 
early  colonists,  circa  1650.  I  think  that 
the  parallel  need  not  be  drawn  further,  and 
I  leave  it  to  you  to  imagine  Bush  from  the 
Cape  roaming  as  far  as  the  neighbourhood 
of  Messina  from  the  extremitj^  of  the  Cape 
Peninsula,  or  Bechuana  or  Lichtenburg 
Bantu  having  obtained  the  "  A  "  finds  from 
both  Europeans  (indirectly)  and  from  Bush 
people  (directly)  as  in  the  manner  of  the 
Damaras. 

The  lot  "B,"  foimd  in  an  ancient  cop- 
per working,  does  not,  I  am  afraid,  lead  us 
ver\-  far  towards  the  elucidation  of  the 
identity  of  the  workers  or  their  chrono- 
logical date  of  existence.  But  the  beads  are 
very  remarkable.  The  blue  glass  are  of  a 
type  other  than  any  we  have  in  our  collec- 
tion, which  is,  however,  no  criterion.  The 
annealing  of  these  beads  is  also  very  primi- 
tive. I  am  still  seeking  information.  But 
the  two  large  orbicular  beads  are  of  great 
interest.  From  chemical  test  I  was  induced 
to  consider  them  as  having  been  made  by 
turning,  or  lathe  work  of  a  primitive  kind 
from  large  sea  shells,  as  the  test  indicated 
lime  carbonate.  And  on  tliis  false  assump- 
tion I  began  to  examine  from  large  speci- 
mens the  possil)ility  of  cube  of  similar  sizes 
being  obtained  from  certain  sea  shells 
occurring  on  the  East  Coast  of  Africa. 
As  pieces  of  large  conns  are  known  to  me  as 
extremely  valuable  ornaments.  We  have 
several  in  cur  collection  (vide  also  Living- 
stone's travels).  ]Moreover,  the  use  of  the 
•Cowrie  shells  as  money  is  well  known.     But 


on  second  exaniinatidu,  by  a  geologist  this 
time,  the  two  beads  are  found  to  consist 
of  quartz  and  limestone  combined.  So 
that,  if  they  were  made  locally,  it  is  for 
you  to  try  and  find  where  such  formation 
obtains.  Anyway,  the  theory  of  the  sea 
shells  as  a  material  must  be  dismissed, 
although  llie  hugt"  Tridacua  found  in 
^Mozambique  cretaceous  deposits  are  of 
sufficient  thickness  to  allow  of  the  produc- 
tion of  cubes  that  would  ]icrmit  of  the 
reduction  to  orbicular  beads  of  a  size  similar 
to  that  belonging  to  lot  "  B,"  but  the  per- 
foration of  these  beads  is  somewhat  primi- 
tive, and  although  the  nearly  straight  boring 
seems  to  imply  the  use  of  the  bow-drill,  yet 
the  initial  surface  borehole  is  very  faulty. 
I  had  occasion  to  compare  initial  borings  of 
similar  globular  objects.  I  am  not  sure 
that  I  have  arrived  to  safe  conclusions. 
Primitive  ])eople  perforated  first  on  one 
side,  and  then  started  again  on  the  opposite 
side  of  the  piece,  with  the  inevitable  result 
that  the  apertures  are  never  exact,  except 
perhaps  at  the  point  of  junction,  when  the 
perforated  object  is  more  than  2  or  3  mm. 
thick.  But  the  narrow  bore  of  the  beads 
sent  imply  nevertheless  a  mechanical 
apparatus,  no  longer  primitive  in  the  shape 
of  short  hand-drill,  but  a  mechanical  one 
of  the  bow-drill  type,  because  the  two  ai)er- 
tures  are  if  anything  only  very  sliglitly 
wider  than  the  inner  groove,  whereas  if  it 
had  been  made  by  hand-drill,  the  two  a])er- 
tures  must  of  necessity  be  wider  at  the 
openings  owing  to  the  wider  rotary  move- 
ment the  turn  of  tlie  liuman  wrist  would 
be  subjected  to  in  the  process.  This 
assumption  of  a  drill  apparatus  necessarily 
implies  tliat  of  a  workman  versed  in  its  use 
and  leads  to  the  rejection  of  primitive  people 
like  the  Bush  as  the  arte-factors.  You  may 
perhaps  remember  the  sketchv  version  I 
gave  you  of  tlie  Zim]:)abwe  archaeological 
remains  in  our  Museum,  also  of  the  corro- 
borative evidence  of  the  age  of  the  beads 
found  there,  as  well  as  of  that  of  the  china. 
But  on  these  two  beads  I  cannot  offer  for 
the  time  any  explanation.  I  said  purposely 
for  the  time,  as  T  am  not  going  to  let  the 
investigation  drop  thei'e,  and  I  would  be 
most  thaiikful  if  more  material  were 
obtained.  A  skeleton,  skull  in  preference, 
would  prove  sufficient  to  give  us  the  true 
clue  to  the  relics.  Ask  Mr.  Ti^-vor  to  try 
and  obtain  it  or  them. 

"  \u<}  wliile  T  am  i)fMniiug  tliis  discu)'sive 
ai'tiele    J    am   reminded   tlutt    I'l'.    Scli'_niian, 
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lA  the  Ldiiddii  riiivL'isilN  CioUc^'u,  sent  im- 
lately  tor  ri'pnrt  discs  siniilir  to  l)ut  u  little 
larger  than  tlie  widest  Kalahari  ones,  wliieli 
lie  touiul  ill  his  Sudan  excavations,  also  one 
or  two  other  round  heads,  whicli  unfortu- 
nately I  jn-onounced  at  the  time  to  he  unlike 
jinything  found  or  known  in  or  from  South 
Africa,  hut  without  makinj^  figures  or  casts 
<if  them.  The  discs  I  found  to  he  made  of 
limestone,  hut  perforated  in  tlie  centre  in 
the  manner  of  ours.  \\\  some  early 
Neolithical  sepultures  in  Spain,  where  as 
far  as  is  known  now  ostrich  did  not  occur 
in  pleistocene  or  miocene  times,  discs  of  the 
kind  found  in  South  Africa  have  heen  found. 
The  Sud.m  limestone  discs  would  thus  form 
a  transition  from  the  Bushman  industry. 
But  did  this  industry  originate  in  the  north 
or  in  the  south  of  the  African  continent  ? 
Did  the  Bush  invent  this  industry  while 
residing  in  Xorthern  Africa,  and  when 
pushed  towards  the  south,  finding  the 
ostrich  shell  more  easily  worked  than  the 
calcareous  stone,  use  it  instead  ?  Or,  and 
this  seems  to  me  the  more  acceptahle  hypo- 
thesis, did  they  not  start  from  the  south 
and  in  pursuit  of  the  ostrich  among  other 
animals  reach  the  extreme  north  of  the 
African  Continent  and  beyond  ?  So  far, 
ostrich  shell  discs  have  not  been  found  in 
the  wooded  parts  of  the  Congo  or  any  other 
locality  where  ostrich  do  not  occur." 

(/)  The  Bapedi  or  Sekukunilaud  attribute 
all  the  old  workings  in  their  country  to  the 
"  !Ma])alacata.  "  According  to  legend  these 
"  Mapalacata  "'  appeared  from  over  the 
Drakensberg.  They  had  black  beards  and 
wore  clouds  on  their  heads.  They  brought 
no  women  with  them,  and  made  their  head- 
quarters at  D'Sjate,  and  were  eventually 
wiped  out  by  the  Baroka,  who  then  occu- 
pied the  country.  About  eighty  years  ago, 
in  the  time  of  old  Sekukuni,  it  is  said  that 
about  forty  guns  were  discovered  in  a  cave 
at  D'Sjate.  These  guns  are  said  to  have 
been  very  long,  and  are  attributed  by  the 
natives  to  the  Mapalacata.  The  natives 
could  not  make  them  fire,  and  eventually 
they  were  cut  up  to  make  hoes  for  the 
chiefs'  wives.  The  native  who  cut  them 
up  was  still  alive  and  was  pointed  out  to 
me  when  I  first  visited  the  country. 

ig)  In  the  year  1806  the  late  Mr.  W. 
Leathern,  of  Xatal,  asked  me  to  go  down 
to  Zululand  and  see  a  lot  of  "  gold  '"  ban- 
gles which  had  been  disinterred  on  the 
^anks  of  the  Umvolnsi — the  White  Umvo-  | 
losi,  I  think.     I  did  so.  and  found  that  some 


."AJ(J  lb.  in  uei^lii  ol  liroken  hrasB  arm  and 
neck  rings  h:id  been  found.  These  were 
obviously  of  European  manufacture,  and  on 
lookitig  the  matter  up  1  found  that  in  the 
eighteenth  century  such  rings  called 
■  manillas  "  were  one  of  the  chief  articles 
of  native  trade  exported  from  England  for 
the  markets  of  Africa  and  the  East.  From 
the  natives  Mr.  Leathern  learnt  that  some 
time  about  1820  an  epidemic  called  "  the 
sickness  of  the  jiigeon  "  had  visited  the 
country,  and  that  the  doctors  had  ordered 
all  such  ornaments  to  be  destroyed.  This 
accfjunt  tallies  very  fairly  with  the  legend 
given  by  Mr.  (Iray. 

(/j)  After  a  very  large  experience  of  old 
workings  in  all  parts  of  the  country  and  of 
Rhodesia,  J  would  strongly  emphasize  that 
1  cannot  see  any  difference  in  skill  or  in 
method  of  working  between  one  and  the 
other.  Where  a  regular  reef  was  worked, 
as  at  T.,ulu,  regular  work  was  possible  and 
was  executed.  Where  irregular  deposits, 
such  as  those  at  Rtoiberg,  were  worked,  the 
working  was  equally  irregular,  liut  I  see  no 
evidence  at  all  for  imagining  that  the  one  set 
of  mines  were  worked  by  a  different  race 
or  at  a  different  period  to  the  other  set.  In 
my  opinion,  all  the  greater  workings  from 
the  Zambesi  to  the  edge  of  the  Transvaal 
High  Veld  are  attributable,  as  far  as  the 
evidence  goes,  to  the  same  workers,  though 
the  actual  work  must  certainly  have  extend- 
ed over  long  periods  of  time. 

(/)  The  fact  that  no  inscriptions  or  other 
record  of  high  civilisation  have  been  found 
has  been  used  to  discredit  the  theory  of  the 
Semitic  origin  of  the  workers,  but  to  tliose 
who  know  the  methods  by  which  the  Arabs 
(who  are  just  as  Semitic  as  the  Jews) 
exploited  Africa,  this  is  not  strange.  A 
description  of  these  methods  may  prove  of 
interest.  All  the  aristocratic  families  of 
Zanzibar,  and  I  believe  also  of  the  Muscat 
coast,  had  their  traditional  familv  raiding 
territory.  At  intervals  the  chief,  or  one 
of  the  cadets  of  the  family,  led  an  expedi- 
tion, consisting  of  a  few  of  his  relations,  a 
number  of  freed  men.  and  a  laree  number 
of  slaves,  into  that  territory.  They  took 
with  them  on  these  expeditions  neither  their 
own  women  nor  their  priests,  but  merely 
fi'Thting  men  and  porters  to  collect  tribute, 
slaves  and  plunder  from  the  natives.  On 
leaving,  they  issued  a  certain  number  of 
arms  and  ammunition  to  such  of  those 
natives  as  they  trusted,  with  instructions  to 
have   so   much   ivorv  and   so  manv   slaves. 
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etc..  ready  for  them  the  next  time  they 
came.  If  these  were  produced  next  tune, 
well  and  good:  if  not,  the  kraal  of  these 
natives,  and  even  the  natives  themselves, 
ceased  to  exist — they  were  wiped  out. 
Occasionally  these  raiding  parties  settled  in 
the  country  and  did  not  return  to  their  base. 
In  these  circumstances  they  very  soon  bred 
out  and  became  almost  indistinguishable 
from  the  natives,  and  hence  left  little  or  no 
trace  of  their  civilisation.  It  is  fair  to 
presume  that  the  inhabitants  of  the  Muscat 
coast  have  pursued  this  policy  from  time 
immemorial,  and  if  their  ancestors,  the 
Sabeans.  were,  as  has  been  suggested,  the 
original  workers  of  the  South  African  mines, 
those  mines  were  probably  run  in  that 
manner.  Skilled  freed  men  and  slaves 
might  have  been  left  permanently  to  direct 
the  natives,  but  no  civilisation  would  have 
been  introduced  that  would  not  have  van- 
ished in  a  few  generations.  This  would 
explain  the  fact  that  though  the  plan  of 
Zimbabwe  and  much  of  the  ancient  work 
appears  too  great  for  native  oi-gauisation, 
there  is  no  point  of  detail  in  them  which 
the  ordinary  native  of  to-day  could  not 
accomplish.  The  only  conclusion  at  which 
I  can  arrive  from  the  present  evidence  is 
that  the  East  Coast  of  Africa,  from  Delagoa 
Bay  and  upwards,  has  been  in  touch,  direct 
or  indirect,  with  the  civilized  nations  of  the 
Near  East  from  time  immemorial.  It  need 
be  no  matter  of  surprise,  therefore,  to  find 
relics  of  those  civilisations  of  any  age  scat- 
tered throughovit  the  continent,  though 
which  nation  introduced  and  chiefly  profited 
by  the  working  of  the  mines,  there  is  not 
yet  evidf-nr-e  onnus:]!  to  determine. 

Mr.  C.  J.  Gray  (Member  of  Council): 
Since  I  contributed  to  the  discussion.  Major 
Swinburne  has  drawn  my  attention  to  a 
book  "  Vasco  da  Gama  and  his  successors, 
1460-lo80,"  by  K.  G.  Jayne,  from  which 
some  extracts  may  be  of  interest : — 

Page  40,  re  beachranger  Hottentots  found 
by  Da  Gama  at  St.  Helena  Bay,  north  of 
the  Cape  in  1497:  "The  Eoteiro  describes 
them  as  a  tawny  folk,  clad  in  skin  karosses 
and  wearing  sea  shells  or  bits  of  copper  as 
earrings."  Page  41:  "The  natives  showed 
no  interest  in  samples  of  gold  or  cinnamon, 
though  they  grasped  eagerly  at  such  baubles 
as  tin  rings  and  bells."  That  statement 
indicates  those  natives  appreciated  tin,  and 
is  consistent  with  an  idea  that  they  had  seen 
it  before. 


Page  43,  1498:  "  The  fleet  was  compelled 
to  turn  eastward  again  and  put  in  at  the 
estuary  of  the  Limpopo.  A  crowd  of  Bantu, 
both  men  and  women,  had  gathered  on 
shore  "  .  .  .  "  The  Eoteiro  notes  that 
weapons  of  the  Bantu  were  long  bows  and 
arrows,  iron-bladed  assegais,  and  daggers 
which  had  ivory  sheaths  and  hilts  decorated 
with  tin.  The  people  wore  copper  orna- 
ments, and  for  this  reason  Vasco  da  Gama 
named  the  Limpopo,  Rio  do  Cobre,  "  River 
of  the  Copper.'  "  That  is  a  distinct  men- 
tion of  tin  at  the  time  of  the  first  European 
voyage  to  the  place. 

Page  50,  1498j  re  a  visit  of  the  Raja  of 
Malindi  to  Vasco  da  Gama's  ships: 
"  Curiosity  overcame  fear,  and  he  was  rowed 
out  to  the  ships,  royally  attired  in  a  damask 
robe  trimmed  with  green  satin,  and  an 
embroidered  turban.  His  dignity  required 
the    support    of    two    cushioned    chairs    of 

bronze In  this  state  the  Raja 

made  a  circuit  of  the  Portuguese  ships, 
while  the  artillery  fired  off  salvos  in  his 
honour."  Malindi  is  far  to  the  north,  and 
clearly  the  Raja  may  have  obtained  his 
bronze  chairs  with  his  clothing  through 
Arab  trade,  but  the  extract  has  some  inter- 
est as  a  reference  to  bronze  in  Africa  south 
of  the  Equator  in  early  times. 

In  connection  with  Mr.  Trevor's  remarks 
on  discoveries  of  glass  in  the  Transvaal, 
mention  of  somewhat  similar  discoveries  in 
Natal  may  be  made.  When  I  was  stationed 
in  ^laritzburg  a  few  supposed  precious 
stones,  found  in  washing  the  sand  of  a 
stream  from  the  Drakensberg  near  Hime- 
ville,  were  brought  to  me  for  identification. 
They  were  deep  cobalt  blue  in  colour  and 
thoroughly  waterworn  and  rounded,  but 
proved  to  be  glass.  Subsequently  an 
exactly  similar  blue  stone,  discovered  in 
sinking  a  turbine  pit  in  the  bank  of  the 
Tugela,  near  Colenso,  was  brought  to  me. 
If  I  remember  correctly,  it  came  from  a 
depth  of  25  ft.  in  gravel,  but  it  also  was 
glass. 

Mr.  H.  R.  Adam  fMrmhcr  of  Council): 
In  connection  with  ^Ir.  Trevor's  remarks 
on  brass  ornaments,  I  am  not  quite  clear  as 
to  whether  he  had  come  to  any  conclusion 
with  regard  to  the  source  of  the  zinc.  It 
may  be  of  interest,  however,  to  mention 
some  ancient  workings  in  the  Low  country 
where  zinc  and  coj)per  occur  together.  It  is 
not  impossible,  I  su])pose,  that  such  ore  was 
smelted  direct  to  a  kind  of  brass.  The  sam- 
ples I  examined  were  mucli  too  high  in  zinc 
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for  ail  iirdiiiar.N  l)ia>.->,  but  tliu  luahiial  taken 
iroin  the  surface  workings  may  very  prob- 
al)ly  have  been  nuich  riclier  in  copper. 
Tbcii'  are  numerous  signs  of  priiiiiti\i' 
snit'ltiiig  in  the  way  of  shig,  but  I  have  never 
found  any  actual  metal. 

Mr.    Trevor:     Hown     in     thu    Leydsdorp 

]Mnrchisnii   KaiiLif'.' 

Mr.  S.  Newton  (Mcnthrr):  Might  J  ask  if 
Mr.  Trevor  has  ever  heard  of  the  Ancient 
lUiins  Company,  which  wa.s  formed  in 
Hhodesia  in  1893".'  In  the  same  year  1  was 
prospecting  in  the  Shangani  district  on 
ground  held  by  the  Bulawayo  Syndicate 
which  is  close  to  the  farm  "Leechdale." 
We  heard  that  remarkable  finds  of  gold 
ornaments  had  been  found  by  Messrs. 
liadford  &  Leech,  who  were  farming  and 
prospecting  in  that  district.  Where  and  how 
they  were  found  was  secret  until  a  company 
was  formed  called  the  Ancient  Kuins  Com- 
])any,  which  was  granted  the  right  by  the 
Chartered  Company  to  search  the  old  burial 
grounds,  and  I  believe  large  quantities  of 
gold  ornaments  of  every  description  were 
found,  the  Et.  Hon.  Cecil  John  Khodes 
buying  a  big  parcel  of  them.  Whether  the 
Chartered  Company  has  any  records  on  the 
subject  I  cannot  say,  but  when  the  orna- 
ments were  found  on  such  a  large  scale  and 
must  have  actually  been  taken  from  the 
remains  of  those  that  wrought  and  wore 
them,  then  one  great  ojiportunity  was  lost 
in  determining  who  and  wliat  race  tliey 
represented. 

Mr.  T.  G.  Trevor  ( Mi-nibcn :  I  remember 
the  Ancient  Euins  Company  well,  but  at 
that  time  I  was  very  angry  with  the  Char- 
tered Company,  as  I  had  been  more  or  less 
hounded  out.  I  had  gone  to  Zimbabwe 
myself  in  the  year  after  "the  occupation,  and 
they  arrested  me  and  took  me  to  Victoria ; 
they  confiscated  some  22  oz.  of  gold  and 
some  amber  beads  which  we  had  got  out  of 
a  grave.  So  I  came  back  to  the  Transvaal. 
Outside  the  west  gate  of  Zimbawbe  there 
appeared  to  me  to  be  an  area  some  30  yards 
in  diameter,  in  which  about  knee-deep  below 
the  ground  there  was  a  layer,  containing 
human  teeth  and  knobs  of  thigh  bones  in 
which  many  little  gold  "tin-tacks,""  ]ust 
like  the  brass-headed  nails  which  women  use 
to  tack  round  a  bracket  occurred.  The 
amount  of  gold  mentioned  was,  however,  j 
mostly  obtained  from  one  grave  down  the  < 
Sabie  Eiver;  apparently  the  coi-pse  had  been  j 
buried  between  two  mats  and  had  worn  a 
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gold  "  tin-tacks,"  but  the  wood  iiad  cr.i. 
>  ■  tb;it    it    wa-.   (jiiitf    fibciisi-d. 

Mr.  T.  P.  Waites  (Mrmhrr):  I  was  much 
iiiti'ic'sted  in  one  remark  made  by  Mr. 
Tivvor  in  his  most  instructive  |>uper,  which 
contribution  to  the  discussion  is  equally  as 
iiitt'ii-sting.  if  not  more  interesting,  than  Mr. 
Haumanns  original  paper.  He  touched  on 
one  jjoint  which,  to  me  at  any  rate,  is  of 
great  interest^  and  said  .^^omet'liing  to  this 
effect,  "  that  the  Arabs  are  as  much  Seinif.- 
as  are  the  Jews."  Well,  having  some  tim.- 
back  read  up  as  much  as  I  could  lay  iiojd 
of  on  the  origin  of  raci-,  I  opine  that  Mr. 
Trevor  would  l)e  quite  correct  in  saying  tliat 
the  .\raijs  are,  as  far  as  we  know,  tlie  true 
lineal  descejidants  of  what  we  understand 
as  the  Semite.  I  have  not  yet  found  any 
authority  who  says  distinctly  and  definitely 
what  a  Semite  is,  but,  as  far  as  my  reading 
does  carry  me,  a  Semite  is  a  cross  between 
a  white  man  and  a  negro.  I  give  you  as  my 
authority  one  of  the  men  who  started  this 
dispute  or  controversy.  Count  Gobineau.  a 
very  learned  Frenchman  ("  The  Inequality 
of  Eaces  "),  who  was  huiuhed  at  many  years 
ago  when  lie  publislied  his  work.  It  seems 
to  me  we  use  the  word  "  Semite  "  as  we  use 
the  word  "Aryan,'"  to  account  for  some- 
thing which  we  cannot  actually  fatliom,  in 
the  same  way  that  scientists  use  a  "  working 
hypothesis/'  to  get  at  the  bottom  of  these 
questions  iis  far  as  we  can. 

In  respect  of  the  Jew,  he  is  only  half 
Semite,  even  if  he  really  be  so  much  as  half. 
^\'ill  you  permit  me  to  go  into  this  question' 
for  a  few  minutes '?  He  migrated  from 
Southern  Arabia  and  first  came  into  touch 
with  civilisation  at  I'r,  an  outpost  of  the 
Accadian  Babylonian  kingdom.  Some 
authorities  are  of  o])inion  that  the  Semite 
here  inteiTnarried  with  the  Accadian. 
Thence  perforce  following  the  p]uphrates  he 
travelled  with  his  flocks  furtlier  nrirth  and 
settled  in  Padan  Aram — Mesopotamia — 
where  he  came  into  contact,  and  intermar- 
ried with,  the  .\ssyrian.  The  Hebrew  is  the 
result  of  the  crossing  of  the  Semite  with  the 
Assyrian.  After  a  long  residence  in  Meso- 
potamia these  people  migrated  sr.ntli  into 
Canaan,  where  thev  mixed  with  and  inter- 
man-ied  with  the  Hittite  (on  this  visit  to 
Canaan  they  were  guests,  where,  later,  they 
entered  the  country  as  "  conquerors  "* — 
from  whom  they  inherit  the  Hittite  nose. 
Thence  travelling  south  they  settled  in 
Tanis.  in  the  land  of  Goschen.  and  doubt- 
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less  intermarried  with  the  Egyptians.  For 
instance,  Joseph  took  unto  wife  a  daughter 
cf  the  pri':?st  of  HeiiopoHs.  Keturuing  to 
Canaan  they  entered  the  Umd  as  conquerors 
— from  this  time  we  know  them  as  Israehtes. 
It  is  only  since  their  return  from  captivity 
in  liahyl'ju  under  Xehemiah  and  Kzra  tliat 
we  know  them  as  Jews,  and  their  cuh  as 
Judaism.  Semites,  Hebrews,  Israehtes, 
Jews — I  think  we  are  justified  in  saying  that 
these  people  are  but  half  Semite,  and  I  for 
one  do  not  think  it  was  the  Semite,  i.e., 
the  Jew,  who  supervised,  saj,  the  "ancient" 
mining  in  Ehodesia,  Messina,  or  ""  the 
ancient  tin  mines."  Were  it  so,  we  now 
have  the  same  thing  here — the  -natives  work- 
ing, some  Europeans  bossing  the  natives, 
and  tlie  Semite — if  you  like  to  call  him  such 
— financing  the  whole  outfit.  It  is  a  case  of 
history  repeating  itself. 

As  for  the  Arab,  the  true  Semite,  perhaps 
the  purest  race  on  earth,  he  has  been  settled 
here  and  there  on  the  east  of  Africa  from 
times  immemorial.  Tipu  Tib  devastated 
some  2,000  square  miles  of  the  interior — 
slave  hunt'"  Still,  I  cannot  call  up  any 
connection  between  the  Arab  and  these 
''  ancient  tin  mines. "  I  ventured  to  remark 
in  a  contribution  I  made  to  this  discussion 
that  we  have  still  to  find  some  hard  fact, 
such  as  a  skull,  before  we  can  determine 
whether  these  ancients  were  brachycephal- 
ous  or  dolichocephalous — of  the  rouiod  or  of 
the  long,  narrow-headed  type.  But  to  refer 
to  the  Jews  as  Semites  is  to  beg  a  very  large 
question.  They  are  the  result  of  many 
■crossings — Semite,  Assyrian,  Accadian, 
Hittite,  Egyptian,  Amorite,  and  other  blood 
go  towards  making  up  this  remarkable 
human  complex,  but  he  almost  in  every 
instance  bears  in  front  of  him  his  Hittite 
legacy,  just  as  does  the  Armenian. 

To  me  the  question  as  to  who  these 
"  ancients  "'  were  is  just  guessing  as  is  to 
say  they  were  this  or  that  or  the  other. 
Until  an  "  ancient  "  skull  be  found  it  must 
remain  an  open  question 

Mr.  T.  G.  Trevor:  With  regard  to  this 
question  of  skulls,  a  hundred  skulls  miglit 
be  discovered  and  not  one  recorded  in  the 
ordinary  way,  for  scientific  research  in  South 
Afi-ica  is  not  yet  in  its  infancy.  I  might, 
Iiowever,  mention  the  following  with  regard 
to  peculiar  skeletons  which  have  come  to 
light  :— 

(a)  About  the  year  1802  T  sp^r  a  very  l^g 
skeleton  which  had  been  disinterred  near 
some  old  workings  on  ]\Ialips  River  in   the 


Pietersburg  District.  It  a])peared  to  me  to 
be  that  of  a  man  about  6  ft.  7  in.  in  height 
with  a  very  big  head.  A  Mr.  Krudwig  took 
l)ossession  of  it  and  said  that  he  was  going 
to  send  it  to  Germany,  and  I  heard  no  more 
about   it.     Mr.    Krudwig  is  since  dead. 

{b)  About  the  year  1897  it  was  reported 
in  the  press  that  two  very  big  skeletons  had 
been  found  about  70  ft.  dee]i  in  the  ]\Ionas- 
tery  Diamond  ^line,  Ladybrand  District, 
Orange  Free  State.  The  skeletons  were  said 
to  be  at  least  7  ft.  in  height,  and  it  was 
stated  that  they  had  been  sent  to  the  Bloem- 
fontein  ]\Iuseum.  ^Ir.  David  Draper  wrote 
some  sort  of  a  report  on  the  occurrence,  but 
I  never  heard  if  anyone  described  the  skulls. 

ic)  About  four  years  ago  a  similar  dis- 
covery of  a  very  big  skeleton  was  reported 
in  the  press  as  having  occurred  at  Potchef- 
stroom,  but  I  do  not  think  that  anyone 
investigated  the  report. 

(d)  Curiously  enough,  only  last  night  I 
met  ]Mr.  Salthouse,  an  old  prospector  of 
very  great  exnerience  and  credit.  Talking 
about  caves,  he  asked  me  if  I  remembered 
certain  hills  in  the  Mazoe  Valley  known  as 
the  "Iron  ]\Iask."  In  describing  these 
caves  he  said  that  in  one  interior  cave  he 
found  a  blocked  opening  leading  into  an- 
ctlier,  on  opening  this  he  said  he  found  a 
huge  skeleton  which  he  thought  must  have 
represented  a  man  at  least  7  ft.  high.  This 
was  just  before  the  Matabele  Rebellion,  and 
he  did  not  know  what  became  of  tlie  skele- 
ton. 

The  above  incidents  seem  to  show  that 
peculiar  skeletons  are  found.  It  must  be 
rem.embered  that  the  original  l^asis  of  all 
scientific  knowledge  is  common  observation, 
most  of  which  of  course  is  unreliable  ;  but, 
in  the  present  state  of  South  Africa,  we 
cannot  exnect  more  knowledge  than  we 
have — in  fact  it  speaks  very  well  for  the 
]iowers  of  observation  of  our  untrained 
population  that  we  know  as  much  as  we 
do. 

As  to  liurial  grounds,  it  is  highlv  probable 
that  the  old  inhabitsnts  of  Zimbabwe  burnt 
their  dead,  for  the  Bavenda.  who  we  know 
once  lived  at  Zimljabwe  still  practice  that 
custom. 

Mr.  C.  J.  Gray  (Member  of  Council): 
Some  years  ago  a  skeleton  was  found  in  an 
extracrdin-iry  cave  on  the  bank  of  the 
Insuzi  River,  in  Zululand  ;  I  did  not  see  it 
myself,  but,  according  to  my  information, 
tliis  small  cave  was  apparently  worked  out 
of   the   quartzite    and   was   very  difficult   of 
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access.  1  endeavoured  to  get  hold  of  the 
skull,  hut  apparently  it  had  hi-on  neglected 
and  thrown  away. 

The  President:  I  feel  inclined  also  to  tell 
SdUif  st'>iic>  ahuut  hones  and  caves;  but  I 
tliink  it  has  got  so  late  now  that  I  shall 
have  to  close  the  meeting  and  leave  the 
balance  of  the  items  on  the  agenda  over  to 
the  next  meeting  on  September  20th.  At 
the  same  time  I  should  like,  on  your  behalf, 
to  thank  'Sir.  Trevor  very  much  for  Imving 
troubled  to  come  over  from  Pretoria  and 
give  us  his  very  interesting  notes.  Tliey 
open  uj)  an  extremely  interesting  field  of 
research  for  those  who  are  fortunate  enough 
to  be  able  to  travel  about  the  country;  and 
I  hope  all  of  you  who  do  so  will  be  stimu- 
lated by  the  line  of  investigation  of  which 
he  has  given  you  a  hint. 

Mr.  Jas.  Gray  :  Before  we  adjourn 
I  should  likt  to  move  a  very  hearty 
vote  of  thanks  to  Mi-.  Meyer  for  his 
services  during  his  presidency',  and  I  would 
like  to  couple  with  it  the  name  of  oiu'  i*etir- 
ing  Treasurer,  Mr.  Littlejohn,  and  to 
^Messrs.  Toombs  and  ]MacDonald,  who  have 
also  retired  from  the  Council.     (Applause.) 

The  President:  Gentlemen.  I  am  very 
much  obliged.  My  term  of  office  during  the 
past  year  has  been  one  of  extraordinary 
interest  and  pleasure  to  me  ;  nobody  regrets 
relinquishing  the  office  more  than  I  do  mv- 
self. 

The  meeting  tenninated  at   10.3.")  p.m. 
Review. 


Mixing  Exgixeeus'  H.\xdbook.  Xew  York: 
John  \\'iley  &  Sons,  Inc.  London : 
Chapman  li-  Hall,  Ltd.  Fu'st  edition. 
2,308  pages  and  index.  Written  by 
staff  of  specialists  under  the  editorship 
of  Robert  Peele,  Professor  of  Alining 
Engineering  in  the  School  of  !Mines, 
Columbia  University.     Price  £1  3s. 

This  handbook  is  certainly  the  most  com- 
plete of  the  kind  ever  issued,  and  its  quality 
is  guaranteed  by  a  perusal  of  the. list  of  sub- 
editor's, among  whom  we  notice  J.  F.  Kemp, 
D.  W.  Brunton.  R.  T.  Dana,  R.  H. 
Richards,  J.  E.  Clennell,  and  others  famous 
in  the  mining  world. 

It  is  obvious  that  a  general  handbook  on 
minine  matters  must  include  a  greater  num-   | 
ber  of  subjects  than  in  any  other  branch  of  i 


engineering,  and  the  idea  n{  obtaining 
specialists  to  handle  the  treatment  of  every 
section  is  one  which  must  be  highly  com- 
mended, and  undoubtedly  »'nhances  the 
value  of  this  book.  No  less  than  44  main 
headings  are  found  in  the  table  of  contents, 
and  it  is  difficult  to  suggest  any  subject  with 
which  a  mining  engineer  is  concerned  that 
does  not  obtain  ade<|uate  treatment.  The 
aim  has  evidently  been  to  supply  such  data 
on  machinery,  power  plant  and  design  as 
Mil'  necessary  for  those  who  erect  mining 
machinery,  as  well  as  information  on  pros- 
pecting, exploration,  mining,  milling  and 
f>re  treatment  (including  cyanidintj  and  flota- 
tion) required  bv  those  who  have  to  run  the 
l)lants  when  erected.  A  useful  feature  is 
the  provision  of  a  bibliograj)hy  iit  the  end 
of  each  section. 

The  practice  dealt  with,  though  largelv 
based  on  American  precedents,  includes 
many  references  to  South  African  methods, 
and  local  works,  including  the  Jounuil  of 
this  Society,  are  l)V  no  means  ignored  in 
the  references  given.  Space  will  not  permit 
of  any  exhaustive  analysis,  i)ut  one  or  two 
mattei*s  may  be  mentioned  which  could  be 
improved  in  a  later  edition.  The  spelling 
generally  is  in  accordance  with  English 
custom,  but  centre,  nitre  and  colour  are  con- 
sistently treated  as  new  American  words. 

Some  of  the  references  to  South  African 
costs  and  methods  are  a  little  out  of  date. 
e.g.,  screening  used  and  dutv  of  modern 
heavy  stamps  are  given  as  0*033  in.  aper- 
ture and  8'9  tons,  while  cost  of  ore  reduction 
and  i)ercentage  of  extraction  are  not  later 
than  IPIO. 

In  details  of  dressing  amalgamated  j)lates 
the  use  of  a  weak  cyanide  solution  is  advo- 
cated, thoush  that  bad  old  ])ractice  ouffht 
to  be  forgotten  by  now. 

Among  oxidizing  agents  having  a  bene- 
ficial effect  upon  the  solution  of  gold  by- 
cyanide  are  mentioned  K,SO^,  K^CO,, 
Xa^SO,,  and  it  is  curious  that  such  obvious 
blunders  should  have  been  allowed  to  slip 
through  in  the  short  but  very  good  account 
of  the  cyanide  process. 

That  so  few  errors  have  been  noted  speaks 
volumes  for  the  care  with  which  the  editor 
has  perforned  his  task,  while  the  neatness 
of  the  illustrations  and  ti^p  "l-^'arness  of  the 
text  disphiy  a  veiy  favourable  example  of 
modem  typographical  skill. 

H.  A.   \V. 
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Notices  and  Abstracts  of  Articles  and 
Papers 


CHEMISTRY. 

>fiai;ation  of  Hvdro'  hloric  Acid  from  Iodates 
AND  Bromatej;,  etc. — "The  methods  described  are 
ba^ed  on  the  property  possessed  by  potassium 
hydro.xide  of  attacking  silver  bromate  and  iodate, 
whereas  silver  chloride,  bromide,  and  iodide  remain 
unchanged.  The  solution  to  be  examined  is  treated 
with  silver  nitrate  solution  in  presence  of  nitric 
acid,  the  precipitate  being  collected  and  washed 
and  then  diu'e.-ted  for  some  minutes  in  the  cold 
with  the  alkali  hydroxide  solution  ;  silver  bromate 
and  iodate  are  thus  transformed  into  the  corre- 
sponding soluble  alkali  salts.  The  liquid  is  filtered 
and  the  precipitate  thoroughly  washed,  and  tested 
for  chloride,  bromide,  and  iodide  in  the  usual 
way.  To  te.«t  the  filtrate  for  bromate  and  iodate 
ions,  it  is  acidified  with  excess  of  hydrocloric  acid 
and  treated  in  a  test-tube  with  one  of  2  cc.  of 
carbon  bisulphide,  sulphurous  acid  solution  being 
then  carefully  added,  drop  by  drop,  and  the  whole 
vigorously  shaken.  In  presence  of  bromic  acid 
the  carbon  bisulphide  becomes  yellow  or  orange- 
yellow,  and  in  that  of  iodic  acid,  violet.  If  both 
bromic  and  iodic  acids  are  present,  careful  addition 
of  the  sulphurous  acid  reveals  first  the  yellow 
<;olour  of  the  bromine  and  afterwards  the  violet 
colour  of  the  iodine.  The  presence  in  the  original 
silver  precipitate  of  salts  of  the  cyanogen  acids 
does  not  affect  the  reaction,  since  silver  thiocyanate 
and  ferrocyanide  are  not  attacked  by  cold  alkali 
hydroxide,  whilst  the  cyanide  is  slightly  attacked 
and  the  ferricyanide  decomposed  :  when  cyanide 
and  ferricyanide  are  present,  rather  more  sul- 
phurous acid  is  added.  The  determination  of 
bromic  and  iodic  acids  in  presence  of  hydrobromic 
and  hydriodic  acids  may  be  effected  by  employing 
the  means  of  separation  described  above,  the  alka- 
line solution  containing  sodium  or  potassium 
bromate  and  iodate  being  then  reduced  with  either 
zinc  dust,  or  aluminium  or  Devarda's  alloy  (T'u 
50,  Al  45,  Zn  5),  and  the  bromide  and  iodide 
precipitated  with  silver  nitrate  in  acid  .solution. 
If  cyanogen  derivatives  are  present,  they  must  be 
removed,  the  procedure  being  as  follows  :  the  silver 
precipitate  is  calcined,  the  residue  treated  with 
dilute  sulphuric  acid  and  zinc,  and  the  solution 
reprecipilated  with  silver  nitrate  :  the  precipitate 
then  contains  onlv  bromide  and  iodide."'  —  A. 
PrRGOTTi,  Gaz.  Ch'im.  Ital.,  1918,  JfS,  II.,  63-66.— 
Journal  of  the  Societ)/  of  Chemical  Industry,  Dec. 
16,   1918,  p.   730a.     (A.   W.) 


lein  :  1  cc.  .V/20  NaOH  =  000337%  P  on  2  gm." 
— T.  E.  Rodney,  Inst,  of  Metals,  Sept.,  1918.— 
Journal  of  the  Society  of  Chemical  Industry,  Oct. 
15,   1918,   p.    587a.     (A.    W.) 


Determination  of  Phosphorus  in  Bronzes.  — 
"Drillings  of  the  sample  (0'.5 — 2  gm.)  are  digested 
with  10  cc.  of  strong  hydrochloric  and  20  cc.  of 
strong,  or,  if  preferred.  60  cc.  of  dilute,  nitric  acid 
(sp.  gr.  1135).  The  digestion  must  be  sufficiently 
long  to  o.xidise  the  whole  of  the  phosphorus,  but 
actual  boiling  and  prolonged  heating  would  cause 
precipitation  of  tin,  which  is  difficult  to  re-dissolve. 
The  liquid  is  diluted,  if  necessary,  to  70  cc,  cooled, 
and  40  cc.  of  ammonia  (sp.  gr.  0'96)  added  slowly 
v.ith  constant  stirring,  followed  by  35  cc.  of  molvb- 
date  mixture.  The  liquid  is  shaken  for  a  few 
minutes,  allowed  to  stand  for  1 — 2  hours,  and 
filtered  preferably  through  a  pulp  filter.  The  pre- 
cipitate is  washed  with  water  until  free  from  acid, 
returned  to  the  fla.sk,  and  dissolved  in  ,V/20  cau.stic 
soda  ;  the  exce.ss  of  the  latter  is  titrated  with 
JV/20    sulphuric   acid    in   pre.sence    of    phenolphtha- 


Corrosive  Action  of  Flue  Dust  on  Fire- 
bricks.— "  The  corrosive  action  of  flue  dust  on 
firebricks  was  investigated  by  injecting  various 
dutts  through  a  Brayshaw  burner  into  a  gas-heated 
furnace,  the  time  of  heating,  the  velocity  of  the 
flue  dust,  and  the  nature  of  the  atmosphere  being 
under  control.  The  dust-charged  flame  impinged 
on  the  surface  of  the  brick  being  tested.  The 
'  dusts  '  used  were  a  boiler  flue  dust  of  slate  brown 
colour,  a  boiler  flue  dust  of  a  brown  colour, 
deep  red-coloured  dust  from  the  top  of  the 
retort  bench  of  a  gas  works,  dust  from  the  slag 
chamber  between  a  steel  smelting  furnace  and  a 
regenerator,  dust  from  a  11  ast-furnace  Cowper 
stove,  '  bull  dog,'  red  haematite  ore,  tap  cinder, 
lime  from  calcined  marble,  lime  and  common  salt 
(1  :  1),  salt,  sodium  sulphate,  salt  and  potash  spar 
(1  :  1),  and  sodium  silicate  and  calcium  silicate 
(1  :  1).  The  effects  obtained  under  oxidising  con- 
ditions were  as  follows  : 


Dust                      Fi. 

ehrick 

Hca 
rick 

Fine- 
grained 
silica   lirick 

Boiler  dust  high  in  lime 

and  ferric  iixide       ..    d.P. 

;  m.C. 





Ferruginous  tjoiler  dust  s.P. 

;  s.C. 

— 



Ochreous  dust  from  re- 

tort brick       ..         ..  Ik.P. 

;  S.C. 

d.P. 

;  g.c. 



Basic  slag                    . .  jd.P. 

;  S.C 

d.P. 

;  m.C. 



Ferruginous  dust  high 

in  lime                      . .   k.P. 

;  m.C, 

d,P, 

;  m.C. 

— 

"Bull  dog"                    ..  ; 

— 

d,P, 

;  s.C. 

— 

Haematite       (reducing  ' 

dame) 

— 

d.P. 

;  s.C. 

s.P.  ;  9.C. 

Tap  cinder         . .         . .  'd.P. 

;  m.C. 

d.P, 

;  m.C. 

d.P.  ;  S.C, 

Lime        s.P. 

;  m.C. 

S.P. 

m.C. 



Lime  and  salt  ..        .     s.P. 

;  m.C, 

8  P. 

m.C. 



."alt          id.  P. 

;  s.C 

S.P, 

m.C. 



Sodium  Sulphate        . .  's.P. 

;  s.C, 

S.P. 

m.C. 

— 

•Salt  and  felspar          ..   s.P, 

;  s.C. 

S.P. 

m.C, 

— 

Soda-lime  glass            ..    s.P, 

;  s.C. 

S.P. 

m.C, 

— 

Note — P = penetration  ;  C = corrosion  ;  s  =  slight ;  d  =  deep ; 
k  =  complete;  m  =  medium;  g.C.  =  great  corrosion  or  slagging. 

The  dust  penetrates  more  readily  into  fireclay 
bricks  than  into  silica  bricks.  The  bond  is  usually 
attacked  first  and  the  coarser  grains  last.  In  fine- 
grained silica  bricks,  the  depth  of  penetration  is 
less  than  with  coarser  grained  ones.  Under 
oxidising  conditions,  iron  oxide  does  not  corrode 
silica  bricks  to  any  noteworthy  extent,  but  under 
reducing  conditions,  ferrous  silicate  is  formed  and 
acts  as  a  corrosive  flux.  '  Bull  dog  '  dust  and  iron 
oxide  generally  corrode  fireclay  bricks  more  than 
silica  bricks.  The  alkaline  vapour  in  some  dusts 
influences  the  conversion  of  quartz  into  a  form  of 
silica  with  a  lower  specific  gravity.  When  the 
surface  of  a  brick  has  been  covered  with  a  glaze 
formed  by  the  action  of  the  dust,  the  subsequent 
rate  of  corrosion  is  greatly  diminished  unless  the 
glaze  is  sufficiently  fluid  to  drip  away,  the  corro- 
sion is  then  rapid.  Attempts  to  increase  the  resist- 
ance of  the  brick  by  applying  a  blowpipe  flame  to 
the  surfaoe  were  unsuccessful.  The  depth  of  pene- 
tration of  the  dust  cannot  be  used  as  the  basis  of  a 
quantitative  measure  of  the  corrosion." — J.  W. 
Mellor  and  W.  Emery,  Ceram.  Soc,  Refractories 
Sect.,  Oct.  17,  1918. — Journal  of  the  Society  of 
Chemirril  Industry,  Nov.  30,  1918,  p.  '693a. 
(J.   A.    W.) 
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METALLURGY. 


SaFETV       and       HkALTH       in       HyUllOMETALXUlu;iCAL 

Plants. — "  Aciidents  to  machinery  or  workmen  in 
hydrometallurjiical  plants  are  usually  to  be  attri- 
buted to  a  multiplirity  of  cause.s.  Faulty  design 
of  plant  arrai'genieiit  and  faulty  estimation  of 
power  reciuiienients  for  certain  mailiines  are  often 
respon.sible.  Other  than  in  e.\ceptional  cases,  no 
margin  is  allowed — no  safety  provision.  Pulley 
and  belting  widths  are  often  kept  at  a  minimum 
consistent  with  theoretical  reiiuirenients.  When  the 
mill  starts,  a  cloud  of  dust  coming  from  the  rock- 
breakers,  or  raised  by  the  injudicious  or  over- 
zealous  use  of  the  broom,  finds  its  way  between 
belt  and  pulley.  Slippage  follows,  and  is  usually 
the  foreruiuier  uf  serious  trouble,  often  culminating 
in  personal  injuries. 

Ifeasonahlc  Copaclty  Mnrijin  Desirnh/e. — I'nder- 
estimation  of  capacity  needed  is  another  potent 
cause  for  a  condition  of  affairs  that  leads  to  trouble 
of  many  kinds.  A  machine  that  will  carry  the 
load  only  when  favoured  witli  uniemitting  aiten 
lion  is  the  cause  of  general  inefficiency,  owing 
partly  to  neglect  of  other  units  of  the  mill — a 
condition   which   often   leads   to   minor  accidents. 

Cheap,  second-hand,  and  often  defective  machines 
sometimes  cost  much  more  in  the  long  run  than  a 
new  and  guaranteed  item  of  equipment.  Workmen 
are  unacquainted  with  whatever  hidden  deficiencies 
and  weaknesses  are  present,  and  accidents  frequently 
result.  The  question  of  actual  rather  than  of 
apparent  economy  should  be  considered  in  the  first 
instance.  If  this  is  done,  a  liberal  and  expert 
estimate  of  probable  cost  for  repairs  and  renewals 
will  often  sway  the  decision  in  favour  of  the 
unused    and   guaranteed   machine. 

Am  1)1  e  Space  and  Elbow  Room  Essential. — Space 
is  usually  the  cheapest  of  commodities  in  a  mining 
locality,  and  yet  treatment  plants  apparently  are 
often  designed  with  an  idea  that  the  ground  on 
■which  they  are  to  be  erected  is  almost  priceless. 
Ample  elbow  room  between  dangerous  belts  and 
moving  mechanisms  is  an  imperative  necessity  if 
safety  and  comfort  are  to  be  considered  and  pro- 
moted. Compactness  in  design  need  not  and  should 
not  involve  a  sacrifice  of  all  elements  of  safety — 
or  of  any  of  them. 

Congestion  and  crowding  of  equipment  have  been 
especially  noticeable  in  the  past  in  connection  with 
cyanide  plants  designed  by  certain  'e.xperts,'  whose 
metallurgical  concoctions  were  monuments  to  their 
ignorance  of  practical  working  conditions.  In  such 
plants  the  operator's  patience  was  reduced  to 
almost  complete  disappearance  by  the  frequent 
necessity  of  having  to  crawl  through  indescribably 
dirty  holes  and  narrow  passageways  to  tinker  with 
valves,  or  to  assist  in  the  flow  of  slime  pulp  which 
the  designer  of  the  plant  had  assumed  would  move 
under  the  influence  of  some  law  of  accelerated 
gravity  as  yet  undiscovered.  In  practically  all 
such  instances  the  designer  could  have  prevented 
perpetual  discouragement  and  annoyance,  occasional 
injury,  and  ill  liealth,  by  the  use  of  a  modicum 
of  common  sense,  and  the  provision  of  adequate 
space  and  ample  head  room.  This  would  have 
gone  far  to  insure  efficient  control,  and  would  have 
provided  room  for  those  minor  jnodifications  in 
arrangement  usually  needed  in  all  chemico-metal- 
lurgical  installations  after  the  first  run. 

Operator.^'  Point  of  Vieiv  to  he  Considered. — ■ 
One  of  the  most  important  considerations  to  be 
kept  in  mind  throughout  the  preliminary  stages  of 


the  development  of  pluns  and  specifications  Hhould 
be  the  provi^iitn  of  every  ponsible  incentive  to  pro- 
ductive effort  nil  the  [lart  of  thoMe  who  will  operate 
the  plant,  and  tiie  elimination  of  arrangements  that 
tiiay  lead  to  discouragement  tif  any  kind,  and 
which  may  result  in  the  avnidunce  «if,  iir  in  attempts 
to  avoid,  routine  duties.  'I'he  operator  of  the  plant 
mu.st  be  cdiisidered,  and  considereii  to  the  fullest 
extent  from  the  outset.  His  attitude  toward 
every  pha.se  of  the  work  must  Ix-  antic  i|>ati'd.  His 
duties  mu.st  be  freed  of  ta.sk.s  that  are  not 
required  in  a  8en.sibly  designed  installation  ;  and 
then,  provided  he  has  c<j-operated  to  the  best  of 
his  ability,  he  will  be  able  to  hand  over  the  plant, 
or  section,  at  the  end  of  his  shift  with  the  realiza- 
tion that  the  work  has  been  well  done,  and  that 
nothing  has  happened  to  dimini«h  his  enthusiasm. 
This  should  be  the  aim  of  the  designer  of  the 
plant,  who,  if  he  knows  what  he  is  doinn,  has  the 
power  to  influence  the  careers  of  the  men  who 
will  work  in  his  mill  to  a  far  greater  extent  than 
is  usually   realized. 

I'nprotlurtirf  Effort  Leads  to  Im  ffiiit-nrij. — No- 
thing is  more  detrimental  to  the  general  efficiency 
of  operations  than  the  presence  of  a  perpetual 
irritant  in  the  form  of  some  di.sagreeable  duty — 
disagreeable  only  because  of  the  short-sightedness 
of  the  man  who  designed  the  plant.  Nothing  will 
occasion  so  much  loss  as  when  employees  have  a 
justifiable  'grouch.'  This  may  ari.se  from  causes 
whi.  Ii  tho.se  in  authority  cannot  appreciate,  such  as 
many  minor  personal  di.scomf  irts  which  often  lead 
to  illness  or  injurv'.  What  is  needed  i.s  emphasis 
on  the  fact  that  plants  are  operated  by  human 
beii'gs  who  are  possessed  of  more  or  less  keen 
susceptibilities.  Keeping  of  this  fact  constantly  in 
mind  while  designs  are  being  considered  is  a  prime 
necessity.  If  this  was  done  in  all  ca.ses.  a  great 
amount  of  discouragement  would  be  avoided,  less 
initiative  would  be  stifled,  and  much  unproductive 
effort  would  be  saved  for  efficient  purpo.ses.  A 
discouraged  man  is  often  an  angry  man,  and  an 
angry  man  is  less  likely  to  consider  his  own  or 
another's  safety — less  likely  to  be  able  to  make 
a  wise  decision  in  an  emergency — than  one  who  is 
contented    with    his    surroundings. 

Faulty  Cost  Estimation  Oftfit  Leads  to  Unsound 
Economies. — The  cost  of  plants  is  usually  under- 
estimated, and  for  a  number  of  reasons  that  it  is 
unnecessary  to  dwell  upon.  Toward  the  completion 
of  erection  work  the  most  rigid  economies  are 
sometimes  introduced  :  and  everything  that  can  be 
considered,  by  any  possible  stretch  of  the  imagina- 
tion, as  not  absolutely  necessary,  is  eliminated. 
Satisfactory  arrangements  for  dry  walkways,  sub- 
stantial ladders,  and  broad  stairways,  insuring  both 
safety  and  comfort,  are  thrown  out  as  unessential, 
in  conformity  with  an  eleventh-hour  policy  of 
cheeseparing.  Temporary  substitutes  are  put  in, 
and  the  promise  of  standard  equipment  at  a  lat«r 
date  is  seldom  fulfilled.  Concrete  flooring  is  often 
omitted,  for  the  same  reason  ;  and  the  operator  is 
sometimes  expected  to  watch  a  daily  waste  of  gold 
or  silver  in  solution  or  other  valuable  product  and 
at  the  same  time  maintain  his  enthusiasm  for 
effecting  economies  in  other  directions.  Such  a 
policy  is  the  worst  kind  of  mistake.  A  good  floor 
that  can  be  kept  clean  and  keeps  itself  drained 
should  be  the  first  consideration  in  a  wet-crushing 
mill.  It  is  no  economy  to  neglect  a  provision  that 
will  add  to  health  and  comfort,  to  say  nothing  of 
the  saving  of  the  valuable  metal  effected.  It  is 
absurd  to  expect  men  to  be  enthusiastically  respon- 
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sive  to  appeals  to  '  keep  the  place  clean '  when 
the  most  elementary  precautions  to  encourage  or 
insure  this  have  been  ignored  in  the  original  design 
of  the   plant. 

In  many  cases  the  smallness  of  the  installation 
is  pleaded  as  a  reason  for  the  avoidance  of  what  a 
large  corporation  would  consider  essential  health 
and  safety  provisions.  This  excuse  is  not  always 
legitimate",  and  is  often  made  through  adopting  a 
mistaken  policy  of  erecting  a  mill  before  the  mine 
had  been  developed  to  a  scale  sufficient  to  justify 
the   expenditure   for   an   adequate   treatment   plant. 

Manual  Labour  Kcnnnmizimj  ha<  Aided  Safeti/ 
Moi-emtnt. — Dusting  in  a  hydrometallurgical  plant 
is  usually  confined  to  primary  crushing,  and  the 
ill-effect  on  the  health  of  the  workers  is  small,  due 
possibly  to  the  fact  that  the  dust  usually  contains 
a  percentage  of  non-abrasive  particles.  Tiie  intro- 
duction of  tubular  mills  of  various  designs  has 
unconsciously  aided  the  safety  movement,  inasmuch 
as  their  adoption  has  led  to  a  greater  simplification 
of  operation,  making  personal  attention  less  neces- 
sary, and  so  reducing  the  liability  to  accident. 
The  economy  in  manual  labour  resulting  from  the 
use  of  mechanical  devices  such  as  crushed  ore  dis- 
tributors and  excavators  has  also  resulted  in  a 
diminution  in  injuries,  and  an  improvement  in 
general  health,  by  freeing  a  number  of  workers 
from   monotonous  and   often  unhealthful  tasks. 

Apart  from  those  arising  from  the  lack  of  safety 
provisions,  the  majority  of  accidents  occurring  in 
a  modern  plant  result  from  unexpected  causes. 
The  relation  of  knowledge  of  danger  to  resultant 
accident  is  marked.  The  deadly  nature  of  cyanide 
is  well  known,  and  poisoning  from  this  cause,  in 
spite  of  continual  contact,  is  happily  rare  in  most 
countries,  and  deaths  from  cyanide  poisoning  are 
so  uncommon  as  to  be  almost  negligible  in  number. 
Precautionary  measures  are  now  standard,  and 
though  in  isolated  districts,  where  it  is  impossible 
to  convince  natives  of  the  danger,  it  is  not  un- 
common to  have  a  number  of  poisonings  with 
'green'  gangs,  all  the  cases  respond  to  the  antidote, 
which  is  kept   handy. 

High-tension  current  is  well  known  as  dangerous 
— the  effects  of  a  slight  shock  are  not  easily  for- 
gotten— but  the  number  of  accidents  from  this 
cause  is  comparatively  small.  Other  dangers  are 
more  insidious  and  less  obvious.  Salivation,  or 
mecury  vapour  poisoning,  is  not  uncommon  among 
amalgamation-plant  workers — a  condition  that  has 
often  been  improved  by  an  educational  campaign 
in  the  mill. 

Safety  Principle.^  in  Accord  with  Efficiency 
Programme. — On  reviewing  the  situation  it  is  im- 
possible to  avoid  the  conclusion  that,  in  general 
mill  work,  the  insuring  of  greater  safety  and  better 
health  has  often  resulted  without  a  recognition  of 
safety-first  principles,  per  .sv.  This  proves  the 
eminently  sensible  nature  of  the  safety  campaign, 
because  the  changes  that  have  tended  to  reduce  or 
eliminate  danger  and  discomfort  and  increase 
security  and  satisfaction  were  concordant  to  a  plan 
insuring  greater  efficiency  in  general  results,  made 
in  the  fii.st  in.stance  to  increase  returns  and  decrease 
costs,  or  both.  The  resulting  economy  in  labour 
diminished  the  likelihood  of  accident  and  freed 
workers  for  other  less  dangerous  but  more  respon- 
sible tasks,  and  so  aided  the  movement  that  has 
done  so  much  to  stabilize  industry  in  general." — 
A.  W.  Allen. — Enaineerinf/  and  Mininrf  Journal, 
Sept.   14,  1918,  p.  480.     (W.  A.  C.) 


MINING. 


MeMOR.^NDIM     on     the     rUESERV.\TION'     OF     TiMBER 

IX  Co.\L  Mines. — "At  the  present  time  the  shortage 
of  timber  supplies  has  rendered  the  prevention  of 
wastage  in  pit  timber  a  matter  of  national  import- 
ance. A  large  amount  of  timber  in  mines,  and 
especially  in  shallow  coal-pits,  requires  to  be 
replaced  prematurely  because  it  undergoes  decay 
and  consequently  collapses.  Such  decay  or  disin- 
tegration is,  at  least  for  the  most  part,  caused  by 
various  fungi  which  permeate  and  devour  the 
wood,  and  often  clothe  its  surface  with  a  fluffy  or 
cottony  material  ('spawn').  This  spawn,  usually^ 
white  but  sometimes  coloured,  can  rapidly  grow 
over  the  timber,  walls  or  floor,  and  may  even  be 
broken  off  and  transferred  elsewhere,  and  thus 
reach    and    infect   sound    wood. 

These  wood-destroying  fungi  also  produce  fruc- 
tifications, wbicii  emit  countless  microscopic  germs- 
('  spores '),  which,  conveyed  through  the  air,  may 
alight  on,  and  attack,  pit-wood. 

Two  means  of  preventing  loss  through  the  decay 
of  wood  are  possible  :  preventive  and  remedial 
measures. 

Thorough  preventive  measures  are  largely  im- 
practicable at  present  owing  to  difficulties  as 
regards  machinery,  materials  and  skilled  labour. 
On  the  other  hand,  remedial  measures  may  be 
undertaken  at  once  ;  and  it  is  the  main  object  of 
this  memorandum  to  point  out  what  they  are, 
and   how   they   should  be   employed. 

A.  Bemedial  measure.'!  are  designed  to  decrease 
the  amount  of  infection,  so  that  the  life  of  pit- 
timber  will  be  lengthened  on  the  average,  and  a 
corresponding  saving  be  thereby  accomplished. 

Growth  of  the  spawn  over  the  surface  of  the 
timber,  walls  or  floor  to  sound  wood  is  one  means 
of  rapid  spread  of  infection,  and  is  aided  by  the 
transference  of  the  spawn  by  other  agencies  (wind- 
currents,  on  men's  clothes,  packing  of  rejected  pit- 
wood  close  to  sound  wood,  etc.).  The  checking  of 
this  superficial  growth  cannot  do  more  than  diminish 
the  rate  of  decay  of  the  timber,  because  the  wood- 
attacking  fungi  grow  also  inside  the  timber ;  but 
inasmuch  as  the  fungus  grows  more  rapidly  out- 
side than  inside  the  wood,  the  rate  of  destruction 
of  pit-wood  will  be  decreased  by  killing  spawn  on 
the   surface. 

Infection  will  likewise  be  decreased  by  the 
removal  and  destruction  of  the  germ-producing 
fructifications   that   emerge   from   the   wood. 

In   order   to   accomplish   these  ends — 

1.  Colliery  timber  men  should  be  taught  to 
recognise   the   spawn   and   fructifications. 

2.  Starting  from  the  intake,  and  travelling  with 
the  air  currents  to  the  return  ways,  the  timber 
should  be  periodically  inspected  for  fungus- 
material  on  the  timber.  Where  fungus  occurs,  the 
accessible  pit-wood  should  be  treated  as  follows  : — 

(a)  The  apparatus  required  would  be  a  pail,  some 
cloths,  a  cloth  or  cotton  swab,  a  strong  knife,  and 
an   antiseptic   solution   properly  made  up. 

(b)  The   following   antiseptic  substances  are   suit- 
able, and   are  arranged   in  order  of   preference  : — 
(i.)     Creosote,    and   various   derivatives.* 

(ii.)    Zinc   chloride. 

(iii.)  Cooper    sulphate    (which    .should    not   be    used 
wlif^re    the    mine    water    is    rich    in    iron), 
(c.)    Every   fructification    (shaped   like   a   cushion, 
bracket   or  mushroom)   should  be   removed    by   cut- 
ting   away    the    portion    of    wood    to    which    it    is 

♦Competent  advice  should  be  soiipht  as  to  these. 
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iiltailied.  Tlit'se  sliould  bo  placed  in  tlio  pail, 
cairit'd  to  the  surface,  and  burnt  in  tlio  boiler  tiroH. 
All  waste  timber  lyinj;  in  the  roadways  and 
ii'iessfs  sliouhl  also  be  brought  to  the  suiface  and 
l)nrnt  at  once.  Instant  burning  is  iinportaMl,  as 
a  <;ood  deal  of  infection  of  sound  timber  takes  place 
during  storaj;e  above  ground  l)ecau8e  decaying  wood 
is  allowed  to  lie  about  amongst  it,  and  so  the 
infection    is   spread    to    timber   originally    sounil. 

'{'he  result  of  this  would  be  to  stop  much  of  the 
i:ifei'tion  that  is  cau.'cd  liy  microscopic  germs 
(spores). 

(d)  At  the  same  time  or  subseijuently,  tin-  spawn 
iin  the  surface  of  tiie  pit-timber  would  lie  dealt 
with  as  follows.  Each  man  engaged  would  ( arry 
a  swab,  the  cloths  and  pail  three-(]uarters  full  of 
the  antiseptic  solution  chosen.  All  the  accessible 
wood,  inihiding  props,  balks,  crown-trees,  bars 
and  collars,  would  be  washed  with  the  solution, 
and  tlie  spawn  removed.  The  solution  and  cloths 
woiilil  require  to  be  renewed  from  time  to  time. 
When  possible,  loose  bark  should  be  removed  and 
•lie  bare  wood   washed  ovei'  with   the  solution. 

Til  is  treatment  would  serve  both  to  check  the 
growth  of  spawn  over  the  surface  and  to  prevent 
its  transference  from  one  part  of  the  mine  to 
another,  and  thus  would  hinder  new  infections. 
But  a  certain  amount  of  the  antiseptic  solution 
would  be  absorbed  by  the  wood,  and  on  drying 
would  leave  on  or  near  the  surface  a  thin  film  of 
antiseptic  substance  which  would  check  the  growth 
of   any   germs  that   might   aliglit   on   the  wood. 

A  great  deal  will  tlejiend  on  the  thoroughness 
with  which  these  operations  are  carried  out.  When 
once  begun  the  treatment  should  be  systematically 
and  regularly  pursued,  as  these  wood-attacking 
fungi  grow  rapidly  and  temporary  neglect  may- 
undo  the  work  of  months.  The  mine-timber  should 
therefore  be  examined  at  least  once  a  month.  The 
consequence  of  the  treatment  will  be  a  steady  im- 
provement in  the  condition  of  the  mine-timber  from 
the  very  commencement.  It  will,  however,  be 
evident  that  one  limitation  to  the  beneficial  effects 
will  be  due  to  the  inaccessibility  of  decaying  w-ood 
packed  under  the  roof  above  the  balks,  crown- 
trees,  bars  or  collars. 

B.  The  methods  detailed  above  constitute  a 
direct  attarh  on  the  trood-destroyiiuf  fuiu/i,  and 
are  designed  to  reduce  the  loss  occasioned  by  decay 
in  mines  that  are  already  infected.  An  entirely 
different  method  of  dealing  with  the  problem  is  a 
defensive  one,  and  involves  the  protection  of  the 
wood  by  rendering  it  immune  to  infection  by  fungi. 
Wood  can  be  protected  more  or  less  perfectly 
from  decay-inducing  fungi  by  coating  or  impreg- 
nating it  with  an  antiseptic  substance.  The  degree 
of  jirotection  thus  afforded  depends  upon  the  sub- 
stance used  and  upon  the  depth  to  which  it  pene- 
trates the  wood.  Mere  superficial  coatings  are 
less  efficient  than  injections  to  some  depth  within 
the  surface  ;  while  perfect  protection  is  ensured 
solely    by    imoregnating   the    wood    throughout. 

Various  substances  are  very  unecjual  in  their 
power  of  conferring  upon  wood  resistance  to  fungal 
attack.  In  some  coal-pits  mere  soaking  with  mine- 
w-ater  lengthens  the  life  of  the  wood  :  at  the 
opposite  extreme  of  efficiency  is  creosote,  which 
confers  indefinitely  long  durability  upon  wood. 
The  exact  treatment  to  be  adopted  will  depend 
therefore  on  the  circumstances  of  the  case  and 
particularly  upon  the  time  during  which  the  wood 
is  required  to  remain  sufficiently  sound  to  be  of 
service.  Superficial  washes  are  applied  by  means 
of   a    brush  :    and    when   this   or   anv   other   method 


of  application  of  llu-  anti.'ifptic  i^  adopt4?d,  bark 
must  btt  removed  from  the  timber  bef<jre  treatment. 
SiiMiewhat  dei-per  pt-ix't ration  in  t-nsuri'd  bv  soaking 
the  Wood  foi-  a  longer  or  shorti-r  lime  in  tlie  Jicated 
antiseptic  solution.  l*"or  this  |'uri)ijHe,  timbers,  be- 
fore being  taken  down  into  the  pit,  lihuuld  be 
.soaked  for  at  least  IT)  minulcM  in  u  vat  of  lO'^o 
zinc  chloride  at  a  temperature  of  130^  K.,  or  in 
creosote  as  hot  a«  it  can  conveniently  be  used. 
When  the  pro[is  are  put  in  position  in  the  ways, 
their  tops  where  bruised  by  the  hammer  should 
be  painted  over  with  the  preservative,  as  infection 
often  starts  at  these  spots.  For  deeper  penetra- 
tion, more  prolonged  soaking  i»  essential,  and  the 
deepest  |)enetration  is  ultimately  secured  with 
greatest  economy  by  pneumatic  preBHure  (and  the 
use  of  a  creosoting  plant)  if  large  quantities  of 
wood    require    treatment. 

Creosote  and  its  derivatives,  or  zinc  chloride, 
represent  the  most  economic  and  efficient  anti- 
septics for  use  in  mines.  But  a  number  of  Balt« 
confer  feebler  resistance,  and  may  be  used  where 
the  wood  has  to  last  only  a  relatively  short  time 
before  being  removed  ;  among  these  are  common 
salt,  magnesium  sulphate,  tertain  mine-waters, 
copper  sulphate  (not  to  be  used  where  the  mine- 
water  is  rich  in  iron)  ;  iron  Kulnhate,  sometimes 
recommended,    •'hould   not    hf    weil. 

This  policy  of  replacing  timber  in  mines  by  wood 
rendered  more  or  less  antiseptic  should  be  followed 
in  all  cases.  When  carried  out  in  the  most  thorough 
manner,  it  gradually  brings  the  pit  into  a  com- 
pletely sanitary  conciition  (for  instance,  thoroughly 
creosoted  pit  props  that  when  unprotected  collip-i- 
from  decay  in  a  few  weeks  will  last  for  iii.iny 
years ;  discarded  creosoted  railway  sleepers 
similarly  will  serve  for  indefinite  periods  as  sound 
cross  bars). 

The  precise  method  of  dealing  with  mines  in 
order  to  eradicate  or  decrease  decay  of  timber  will 
vaiy  somewhat  in  detail  in  different  cases.  In 
regard  to  this,  advice  may  be  obtained  from  the 
Department  of  Scientific  and  Industrial  Research. 
.V^^''. — The  significance  of  wood -attacking  fungi 
(and  possibly  certain  bacteria)  is  not  confined  to 
their  destruction  of  timber,  for  during  their  growth 
they  may  produce  '  black  damp.'  and  the  amount 
of  this  gas  that  they  produce  is  directly  propor- 
tional to  their  abundance  and  vigour." — Percy 
Groom.  — liidfitin.  No.  1,  Briti.sh  Department  of 
Scientific   and    Industrial    Research.     (W.    A.    C) 

MISCELLANEOUS. 


Free  Expokt  .and  Sale  of  CJold, — "  Oold  has  been 
been  sold  in  England  at  115s.  per  oz..  as  against 
85s.  per  oz.  paid  by  the  Bank  of  England  for 
coinage  purposes,  and  the  Government  found  it 
necessary  to  prohibit  the  melting  of  coins.  (Jold 
under  present  conditions  could  be  also  sold  at  a 
premium  in  this  country  for  use  in  industrial  arts, 
and  if  a  free  sale  of  gold  were  now  permitted  a 
certain  amount  could  be  absorbed  at  a  considerable 
premium.  A  study  of  the  table  on  p.  3.3  shows 
that  for  the  last  four  years  about  forty-five  million 
a  year,  approximatelv  one-half  of  the  amount  pro- 
duced in  the  United  States,  went  into  the  manu- 
factures. Dentists  use  a  larce  part  of  this  gold, 
and  could  pay  a  higher  price  for  it.  as  could  al.so 
jewellers.  The  amount  of  old  material — jewellery, 
etc. — consumed  in  manufactures  in  the  I'nited 
States  has  been  approximately  $8,000,000  worth  a 
year,  and  of  new  gold,  approximately  .S3". 000. 000 
a  vear.     The  annual  amount  that  could  be  absorbed 
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at  a  premium  is  not  known,  and  would  depend  to 
some  extent  upon  ps\ chological  conditions.  If  it 
weie  thought  that  the  price  of  gold  would  go 
higher,  ijuantities  would  be  bougiit  iur  speculative 
purposes  unless  restrictions  were  imposed.  The 
following  extract  from  Bulhtiii,  Canadian  Mining 
Inst.,  Oct.,  1918,  pp.  SGO-btil,  is  of  interest  in 
regard   to  the  sale  of   gold   in  tiie   open   market  : 

It  seems  to  have  been  overlooked  by  many  that 
the  mint  price  for  gold  (85  sliillings  or  $20.67)  is 
quite  difterent  from  the  market  value  or  exchange 
value  of  the  metal.  Gold  as  a  commodity  has  had, 
this  last  month  in  England,  a  value  some  35%  in 
excess  of  the  mint  price.  The  Aniuiliit  tells  us 
that  minted  coins  have  been  at  a  high  premium 
because  of  profiteering  by  labour.  Workers  are 
receiving  wages  higher  than  ever  before  in  their 
experience,  and  there  is  a  demand  for  jewellery 
which  exhausts  the  supply  of  gold,,  the  commodity. 
An  ounce  of  gold  in  a  jeweller's  hands  will  make 
four  rings,  for  which  he  will  get  at  least  $30  :  in 
conseq^uence,  the  market  price  of  gold  in  those 
countries  in  which  gold  has  been  commandeered 
is  nearly  50%  above  the  mint  price.  This  is  the 
fact  that  has  led  Sir  Lionel  Phillips  and  his  com- 
mittee to  approach  the  British  Government  for 
permission  to  sell  the  gold  produced  by  their  mines 
in  the  '  open  market  '  ;  that  is,  sell  it  as  a  com- 
modity."— Extract  from  Bulletin  144,  Department 
of  the  Interior,  Bureau  of  Mines,  U.S.A.,  1919; 
Report  of  a  Joint  Committee  appointed  from  the 
Bureau  of  Mines  and  the  United  States  Geological 
Survey  by  the  Secretary  of  the  Interior  to  Study 
the   Gold   Situation."— (W.   A.    C.) 


Abstracts  of  Patent  Applications. 


177.18.     Coalite,     Ltd.     Improvements     relating    to 
the     destructive     distillation     of     carbonaceous 
substances.     22.3.18. 
This     application     relates     to     low     temperature 
carbonisation    in   vertical    retorts,    and    has   for    its 
object    tlie    converting    of    the    rich    hydrocarbons 
given   off  at  low  temperature  into  aromatic  bodies, 
and    for   this    purpose    a   space    is    provided    at    the 
top  of  the  retort  which  is  subjected  to  a  compara- 
tively high  heat,  and  in  this  space  a  mass  of  metal 
or    fireclay    is    suspended    to    increase    the    heating 
surface,   and,    further,   the   heat   is   applied   to   the 
retort    in    several    zones    increasing    in    temperature 
from   the   bottom   to   the   top. 

200.18.  J.  McCrindle.  Safety  finger  wedge  for 
stamp  mills.  28.3.18. 
This  application  relates  to  improvements  in 
"  safety  finger  wedges  for  stamp  mills,"  and  con- 
sists of  a  hardwood  wedge  to  be  placed  between 
the  finger  and  the  cam  floor,  and  is  locked  in 
position  by  a  hook  bolt  engaging  the  bottom  of  the 
finger  socket. 


237.18.      Harry    August    Stockman    (1),    Alexander 
Proudfoot     (2).        Improvements    applicable    to 
pillars  and  similar  supports  for  mine  workings 
and  the  like.     17.4.18. 
This    application    refers    to    the    construction    of 
pillars  for  underground   workings,  consisting  of  an 
outer  casing,   the   interior  being  filled  with   a   com- 
pressible core. 

There  are  nine  claims  in  the  specification,  and 
the  description  confines  it.self  to  circular  pillars 
made  of  concrete  bricks,  plain  or  reinforced,  with 
a  filling  of  stone,   sand,  slime  and  saw-dust  in  any 


combination,    and    also    to   the    use   of    compressible 
mortar. 

377.18.     Albert  Fiaii<,()is      Filling  spaces  or  cavities 
which    are    diflficult    of    access    with    concrete, 
cement,    or   the    like.     4.7.18. 
This   application   refers   to   the   filling   of   cavities 

which    are    difficult    of    access    with    concrete,    the 

object  being    to    accomplish    this    in    a    rapid    and 

economical   manner. 

637.18.     \V.   E.    Nettle   (1),    1'.    Selby   (2),  J.   Blythe 
(3),  J.    H.    Holman    (4).     Improvements  applic- 
able   to   reciprocating    rock-drills   for   sup])lying 
water     to     the     bore     holes     during     drilling. 
18.10.18. 
This  application  refers  to  the  water  feed  arrange- 
ments,   using    hollow    steel    with    the    reciprocating 
drills,  and  describes  in  detail  the  method  by  which 
this  is  to  be  effected. 

705.18.  Luckenbach  Processes,  Incorporated.  Com- 
position of  matter  and  methods  of  and  appara- 
tus for  using  same.  23.11.18. 
This  application  is  for  a  process  and  afjpara- 
tus  for  concentrating  ores  and  materials.  The 
inventor  calls  the  process  a  contact  process  to  dis- 
tinguish it  from  the  flotation  process.  The  selec- 
tive materials  used  for  recovering  the  desired 
minerals  are  rubber,  resin,  shellac,  asphaltum  or 
pitch.  All  these  to  be  dissolved  in  a  water  repellant 
solvent.  The  preferred  selective  agent  is  petroleum 
grease  and  dissolved  rubber.  This  mixture  is  put 
on  a  surface  of  a  moving  belt  or  rotary  table  or  on 
a  mat  of  thin  shavings  in  the  form  of  a  thin 
coating  :  the  material  to  be  concentrated  is  passed 
in  the  form  of  a  pulp  over  any  of  these  prepared 
surfaces  the  minerals  coming  into  contact  with 
the  said  surfaces,  adhering,  and  the  gangue  passing 
away  as  tailings.  The  mineral  concentrated  or 
caught  in  this  manner  is  recovered  by  separation 
from  the  surface  coating  by  means  of  boiling  in 
hot  water,  or  other  methods. 

Tlie  applicant  claims  the  use  of  various  apparatus 
for  effecting  his  purpose,  such  as  continuous  revolv- 
ing belt,  revolving  table  and  trays  filled  with 
shavings. 
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